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PREFACE 


William James set fortli the illuminating idea that everybody 
has as many social selves, or social “me’s,” as diere are distinct 
persons or groups of persons who see him in a particular role 
and ivhose good opinion he specially prizes As a fatlier, a man 
reveals an aspect of his nature different from tliat which he re- 
veals as tlie member of a profession or as a boon companion in 
a club, and ivith his children he enjoys a reputation different 
from tliat enjoyed among his fellows 

Admittedly diis is a book about one of die me's in my social 
complex— in die mam about me as a scientific ■worker More 
than forty years of my life ivere spent at die Harv'ard Medical 
School in ver)f happy devotion to physiological teaching and re- 
search Persons ivho have been most influential in forming and 
maintaining die scientific me hav6 urged that I record some 
of the consequences, in observations and judgments, whicli 
emerged from experiences during diat long period 

I confess diat die urging met from widiin a ivillingness to un- 
dertake die task First, because little is popularly known about 
the thoughts and doings of men who spend their lives in labora- 
tories trying to discover new facts through carefully devised ex- 
periments It seemed possible that an interest in such topics 
might be extended and that perhaps my knowledge of investi- 
gators and their ways fitted me for telling about diem. The 
range of my research activities on diverse topics and die variety 
of my associations with colleagues would permit recounting not 
only my own pursuits but also those of others who have en- 
gaged in scientific labor 
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It seemed to me also that a sample disclosure of investigative 
efforts by the investigator himself might be informative And I 
had the conviction that enlightenment about the personal 
phases of scientific discovery could be valuable for science it- 
self, especially in a democratic society People who have learned 
about the aims, methods, and achievements of experimenters 
could be expected to display insight and intelligence in judg- 
ing scientific endeavor Furthermore, young persons consider- 
ing a career to be spent in exploratory scholarship might wish 
for understanding of its characteristics— its requirements and 
Its rewards For these different reasons I have written about 
the motives of the investigator, his problems, his collaborators 
his various tasks, his mistakes, and his keen satisfactions 

Walter B Cannon 

Biological Laboratories 
Harvard University 



CHAPTER I 


AS THE TWIG IS BENT 

An account of fonnative influences ivhich have affected a 
career should quite properly start iv'ith inheritance It may 
not be possible to trace die appearance of many traits from 
generation to generation thiough a considerable past— die com- 
binations of determinative factors become too complicated as 
die numbers in die ancestry multiply Sometimes, hoivever, die 
transmission of die infinitesimal hereditary packets in germ 
cells IS demonstrated by peculiar features clearly distinguishable 
in a long family line The famous Hapsbuig lip is an eminent 
example Such evidence justifies looking backward for the ap- 
pearance of charactenstics in some of the forebears, especially 
in recent history 

Besides biological inheritance there is tradition to be recog- 
nized as a potent agency in affecting behavior The tradition 
on both my fadier’s and my mother’s side was not favorable to 
a fixed, sessile existence Both lines ivere composed of a restless 
folk, die men and die ivomen ever moving into new ventures 
A brief account of die family records will make clear dieir 
pioneering habits 

It was about lyoo when diere appeared in the small frontier 
village of Deerfield, Massachusetts, a French Canadian couieur 
de hois named Jacques de Noyon He ivas a handy man about 
die village and in die course of his services he became ac- 
quainted with the Stebbins family The bushranger and one 
of the Stebbins’ daughters, Abigail, fell in love with each other 
and were married on February 3, 1704 Only a few weeks later 
French and Indian raiders descended on the village, set fire to 
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Its dwellings, killed forty-seven of its inhabitants, and made 
captives of one hundred and twelve others The next day the 
marauders and tlreir prisoners started on the long journey to 
Montreal through tlie winter’s snow and cold Jacques de 
Noyon’s acquaintance with the French and the Indians had 
enabled him to save from the slaughter Abigail’s parents and 
their SIX children, his knowledge of woodcraft made the 
hazardous and exhausting travel easier for diem 

Many of the Deerfield captives remained in Canada, 
de Noyon and his wife settled in Boucherville, a village on 
the south bank of the St Lawrence River, not far from Mon- 
treal Of their many children die first, Ren6, when about ten 
years old, was sent with a party of French and Indian traders 
to visit his grandparents who were back in Deerfield His 
grandfather Stebbins persuaded him to stay and when the 
traders were ready to return, Ren6 could not be found The 
name Ren6 de Noyon had an outlandish saund Furthermore, 
the grandfather had previously gone to scriptural sources in 
naming his own children He selected Aaron for die little boy, 
and Ren^ de Noyon grew up in Deerfield as Aaron Demo ^ 
Such was the origin of the Demo family in die United States 
The original name has come down through the generations— 
one of my great-uncles was an Aaron Demo My mother was 
Sarah Wilma Demo 

As generation followed generation the Demos went north 
through Vermont and then scattered The line to which I am 
related moved into the state of New York early in die nine- 
teenth century and thence west to Mmnesota and on to Colo- 
rado and Wyormng Always they were early settlers 

On August 4, 1718, five ships sailed into Boston harbor 
bearmg immigrants from Ulster County, Ireland Some of them 

1 Details of this story are given in Miss Charlotte Alice Baker s True Slones 
of New England Captwes (1897) and m A Genealogy of Aaron Demo of Deer- 
field, Massachusetts (1926) by Franas B Demo D D , professor in the Bangor 
Theological Seminary, and Herbert W Demo, librarian of the Vermont Histori 
cal Soaety 
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mo\cd into New Hampshire wlicic the names of Insh towns, 
Londonderr) and Antrim, mark then migration Others went 
west in Massachusetts to Hopkinton and later to Blandfoid in 
the Berkshire Hills In the Massachusetts group was Samuel 
Camahaii, the spelling of whose name w’as soon simplified 
to Cannon in accord iMth the pronunciation These Scotch- 
Irish immigrants wcic the bluest of blue Presbyterians, one 
of m) ancestors was fined four dollars for swimming on Sun- 
day! From Blandford the Cannons, call) in the nineteenth 
centur), migrated to Ohio in the settlement of the AVestem 
Reserve, and later some of them went on to Wisconsin and 
Iowa 

One of lU) great grandpai cuts, Hama Cochran Cannon, 
when a girl walked much of the way from Blandford to Au- 
rora, Ohio beside a covered wagon Many stones hav'c been 
told of her pioneer jiluck, her good nature, and her unselfish 
services to the whole communit) She once rode alone at night, 
on horseback, through miles of wintci wilderness to secure 
needed medical aid It is reported that the c\tia work done b) 
her in one )car included weaving si\ hundred yards of woolen 
clotli, one hundred )ards of yam carpet, five blankets and five 
plaid shawls She bore eight children and lived to be nearly 
ninet) )cars old It is at least pleasant to think that bodily cn- 
erg)’ IS heritable, as has been claimed, and that the gioup of 
genes responsible for it hav'c had their way in some of Laura 
Cochran’s descendants 

At Prairie du Chicn, a small towm on the upper Mississippi 
Riv^er, my father, Colbcrl Hanchett Cannon, met my mother, 
who had come from her home at Elba, Minnesota, to teach in a 
public school They were married in 1870, and thus the Can- 
non and Demo lines were brought togctlicr^ I was boin in 
Prairie du Chicn, October 19, 1871 My interest in that histone 

2 Dctnils of the Qinnon gcncalog) and of carl) conditions m western Massn 
chusctls nia) be found in The Descendants of Samuel {Carnahan) Cannon of 
Ulster, Ireland, and Blandford, Massachusetts, Almon llrown Cannon, W'ads 
worth, OIiio, and in Ulster Scots and Blandford Scouts b) Sumner Gilbert 
Wood, W^cst Medwa), Massachusetts 
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town was intensified in later years when I learned that it con- 
tained the site of old Fort Crawford, where in the 1820’s die 
American army surgeon, William Beaumont, “die backivoods 
physiologist” as Osier called him, made his classic observations 
on digestion 

At the time of the Civil War my fadier was in his teens 
Because of financial stress he had been compelled to stop his 
formal schooling and go to work to help support die family, 
consisting then of his parents and two younger brothers 
Throughout most of his life he was connected with western 
railroads and finally became supenntendent of transportation 
on James J Hill’s Great Northern system Outside of railroad- 
ing he cherished two utterly inconsistent interests a desire to 
have a small farm, which would have kept him someivhat iso- 
lated in the country, and a desire to be a physician, ivhich would 
have demanded residence in a populous community He read 
extensively the literature on both farming and medicine 

My father was ingenious He invented new methods of keep- 
ing records of the movements of cars belonging to die railroad 
and was instrumental in developing the use of heavy engines to 
pull long freight trains economically, ivith little increase in 
train crews One of his brothers, who became an engineer, fre- 
quendy invented clever devices but none of these brought him 
any considerable financial return Unfortunately, my father ivas 
subject to moods of deep and silent depression These moods 
profoundly lowered the morale of his family but he seemed un- 
able to suppress them even if he saw their dark influence on 
others, indeed, in his gloom he may not have been aware of 
Its effects 

When I was a boy my father refused to buy me ready-made 
toys He was himself expert in the use of tools and after giving 
me some mstruction he allowed me free use of an excellent car- 
penter’s tool chest. Occasionally he would work with me in 
building a small house or other toy structures I look back 
upon those times of co-operation as among the happiest mem- 
ories of my fadier The conditions that he provided for devel- 
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oping nnnnal skill prosed Inter to be highly useful, not only 
lu dev isiug Inboi'atorv npparitus but also in pros iding pleasant 
diversion in making things for the home 

Mv mother has been described as having an activ'c mind and 
a quick perception, as being meticulousl) neat, and extremely 
modest and unselfish Highly sensitive, she was easily giv'cn to 
worries and anxieties I well recall the look of terror on her 
face when one of my three sisters (all younger than I) became 
suddenly ill, and again, I remembei vividly hei consternation 
when I reported to her that President Gai field had been shot 
That was July e, iSSi Miout six months latei, when I was ten 
years old. she contracted pneumonia and died Just befoie the 
end she called me to her bedside and said tenderly, "Walter, be 
good to the world" That wish v\as most natui-al for her, it 
fixed deeply in her son a sacred and haunting memory' 

I attended public pnmary and grammar schools in Milwau- 
kee and St Paul In iSSS, I entered the St Paul High School 
and in tliiee years completed the four year course I was older 
tlian most of my classmates because my father, convinced that I 
v\as not paying projier attention to studies in the grammai 
school when I v\as fourteen, had put me at work in a railroad 
office There I remained for about two years The chief value 
of that experience was a heightened appreciation of the value 
of free time— even three hours away from work seemed to offer 
marvelous opportunities Probably that appreciation had its ef- 
fect in speeding up my attack on the high-school cumculum 
In addition to tlic routine studies of the high-schooI coiu-se I 
was for a year editor of the paper, The High-School Woild At 
tliat time Ignatius Donnelly, a local politician and a writer with 
fantasuc imagination, brought out his Great Cryptogram de- 
signed to prove that Bacon wrote Shakespeare’s plays By use 
of mctliods similar to Donnelly’s, I found in my Latin Virgil 
and published in the World, pompous pronouncements, one of 
which was, “Alas, alas, fame is no fun!’’ 

As a boy and as a youdi I took pleasure in vigorous sports— 
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skating, bobsledding, and playing hockey during the winter, 
and at other tunes snap-the-whip, pulhaway, football, baseball, 
and tennis Camping near Minnesota lakes , with boyhood 
friends was another source of outdoor fun, in the camping par- 
ties I usually served as cook. 

Although my father had had little formal education himself, 
he desired tliat his children should enjoy the advantages he had 
imssed He surrounded us with a good library and provided us 
with serious magazines, hoping we would profit from them 

During my high-school days Huxley was carrying on his con- 
troversy with the Bishop of Peterborough and with Gladstone 
These debates I followed with keenest interest, for they dis- 
rupted the very strict Calvmistic ideas that had been elabo- 
rated in members of the family from early childhood, at 
church, and in Sunday school An interest in the foundations 
of Christian doctrine was at once aroused I was stimulated to 
read further and intensively books by John L Spalding, James 
Martineau, John Fiske, James Freeman Clarke, and others Fi- 
nally my inner turmoil drove me to tlie confession ‘that I no 
longer held the views accepted by members of the Congrega- 
uonal church which I had joined The clergyman in the church, 
to whom I was sent for counsel, took precisely the wrong course 
in dealing with my difficulties, he wanted to know what right I 
had, as a mere youth, to set up my opinion against the opinion 
of great scholars who supported the church’s doctrines This ap- 
peal to authority did not impress me at all, because I knew 
that there were great scholars in the opposition Furthermore, 
I had the feeling that I was entitled to my independent judg- 
ment If I had not been deeply affected by the experience I 
should simply have shown indifference, and slowly slipped away 
from my difficulties Instead, the decision was a source of much 
distress Furthermore, my withdrawal from the church resulted 
in painful friction with my father, who felt that my defection 
was evidence of his failure to guide and influence me properly 
I am pleased to testify that later he was reconciled to my action 
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and took a liberal aiiiiiulc towaul persons who had nUcllcciual 
dilTcrcnccs ith hnn 

The reading of llnxlc/s contioseisial articles aionscd in me 
an inteicst in his essass and also in the \\ritings of Tyndall, 
Lewes, Clifford, and othei's whose papers and honks on scien- 
tific topics were being piihlici/ed at the time Tins serious lead- 
ing stiongl) influenced me in coming to the decision to ti) 10 
obtain a college education \ graduate of llauard College, 
with whom 1 had become acquainted by cli.mce, .itiractnely 
presented the adsantages offered hv his alma mater There seas 
little money in the family to pa) for a college cvpciience in the 
Last and the llnncrsits of Minnesota was temptingly near 

Ms hopes were turned eastward however, by the suggestions 
of a woman. Miss M J New son. who had a deep influence on 
me in m\ )outh She was an extraordinaril) stimulating teacher 
of Lnghsh litentuic in the St Paul High School Pupils left 
her class cserciscs not onl) appreciaine of niceties of thought 
and e\jirtssion, hut also stirred to think and discuss "Is it true 
that ‘Whatever is, is right, that 'Ml's well with the woild’^" 
she would ask, and we were off in debate Her constant s)an- 
pathy I had lecened in abundance duiing my peiiod of intel- 
lectual stress \nd vs hen I told hei about the advice of the Har- 
vard alumnus she urged me strongly to attempt the venture he 
had suggested In part through her good offices I succeeded in 
securing a freshman scholarship, that, together with a small 
amount of monev, about $iSo contributed h) m) father, gave 
me a start at Harvard Thereafter, throughout four years of col- 
lege and four )ears of the medical course, with the aid of such 
scholarships as were awarded to me, I earned my way h) out- 
side work 

On coming to Harv-ard College I was suddenly plunged into 
tlie new experience of listening to lectures and being required 
to take notes At ilic first lecture I attended, I happened to sit 
beside a rather badly battered and ver)' ponderous member of 
tlic football team In my ignorance I turned to him for advice, 
asking him what to put down in my notebook He growled 
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back sotto voce, "Wait till he says something loud Put that 
down ” It was not long before I learned that, in spite of such 
expert testimony, there was a great difference between sound 
and sense 

In the College during the nineties students were allowed to 
take as many courses as they might wish to carry In my four 
years of college life I completed twenty-two courses, and ivas 
graduated summa cum laude in 1896 Two of the twenty-two 
courses were of research quahty, because of these and also be- 
cause of graduate courses completed in addition to those re- 
quired for the A.B degree, I was granted in 1897, at the end of 
my first year in the Medical School, the degree of Master of 
Arts 

The extra courses I took during the four years in college and 
the outside work in which I engaged in order to meet expenses 
naturally pressed hard upon available time There was little 
opportunity for the amenities of college hfe A valuable result 
of the pressure on time, however, was the disciphne it de- 
manded in ways of working I had to learn to concentrate on 
the essentials of the task in hand and to finish it rapidly and 
accurately This disciphne I have regarded as of inestimable 
value in many later requirements as head of a department and 
as a leader of research activities 

Dunng my high-school and collegiate studies I was especially 
interested in the biological saences Mathematics was intri- 
guing in Its elementary aspects, 1 e , through algebra and trigo- 
nometry Unfortunately I did not continue in a study of 
analytical geometry and calculus Physics I found not difficult 
Descriptive chemistry and analytical chemistry proved attrac- 
tive, and if I had known the career I was to follow I should have 
chosen further traimng in chemical technique Modem foreign 
languages were cultivated for practical purposes Both in high 
school and in college I derived much intellectual stimulation 
from independent readmg— e g , Francis Gabon’s Inquiries into 
Human Faculty—m addition to the routine courses 

My student years in Harvard College were for me exating 
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physiology at the Medical School in Boston I decided to accept 
the latter For two years (igoo until 1902) I had the title of in- 
structor, for four years thereafter (1902-1906) I was assistant 
professor, and in 1906 I was appointed successor to Henry P 
Boivditch, as George Higgmson Professor of Physiology, an ap- 
pointment which continued until my resignation in August, 
1942 The thirty-five years during which Dr Bowditch held the 
chair of physiology in the Medical School and the thirty-six 
years during which I held it covered the entire period of the 
development of physiology as an actively pursued medical sci- 
ence in the United States Before 1871 it was a subject pre- 
sented to the students in textbooks and in lectures commonly 
given by professors of medicine under die tide “institutes of 
medicine ” 

A year after graduating from the Medical School I was mar- 
ried to Cornelia James We had knoivn each other as students 
in the St Paul High School, and our friendship grew in inti- 
macy while she was an undergraduate at Radcliffe and I was 
studying at the Harvard Medical School When our wedding 
was announced in the department of physiology one of the 
staff at that time quoted regretfully, “A young man married is 
a young man marred ” This is a cynical dictum I cannot con- 
firm Throughout our married life my -wife has been my best, 
my most helpful and most devoted counselor and companion 

When I was a boy my father had expressed a ivish that I 
might become a doctor Somewhat vaguely I had that intent 
when I entered Harvard College It was not unul I had passed 
about halhvay through the college period and had studied 
chemistry and biology to a considerable degree that the resolu- 
tion became definitely formulated At that time I was attracted 
by tlie possibility of devoting my life to neurology and psy- 
chiatr)'^ Widi this aim I undertook ivork on the structure of 
the brain and m psychology While in the Medical School I 
paid special attention to courses concerned -witli diseases of die 
nervous system It is probable that if, while a first-year student 
of medicine, I had not undertaken research on the physiology 
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o£ the digestive tract by use o£ the then newly discovered 
X-rays, I would have become a neurologist 

My fatlrer’s tvish that I might become a physician was there- 
fore never realized Instead o£ engaging in practice I engaged 
in teaching medical students This was what my predecessor, 
Dr Bowditch, had done He told the tale of a conversation be- 
tween one o£ his cliildren and a little companion The com- 
panion asked, "Has your fatliei many patients?” and the answer 
was, “He has no patients ” ‘TVhatl A doctor and no patients?” 
Thereupon tlie apologetic answer, "Oh, no, he is one o£ those 
doctors vho don’t know anythingl” Possibly the children of 
other physiologists suffer from the same sense of inferiority 
One of my daughters, on being informed proudly by a little 
fnend tliat hci father was a doctor, remarked somewhat sadly, 
'‘My father is only a father ” 

Elsewhere in diis volume I have traced the sequential devel- 
opment of the researches which my collaborators and I have 
conducted during tlie more than four decades of my experience 
as an investigator There is no need for anticipating here the 
record of that development It may be pertinent to remaik, 
however, tliat at everj' stage tliere were numerous fresh ideas 
which suggested the next stage of research to be undertaken— 
from an interest in digestive functions, through studies of emo- 
tional effects on bodily processes, to regulation of steady states 
in the body and tlie chemical mediation of nen^e impulses In 
this onward movement of interests innumerable pioblems ivere 
left unsolved Indeed, the forward look to tlie exploration of 
enticing fresh vistas, -which the preliminary studies had re- 
vealed, was so attractive tliat neglect of die old in order to at- 
tend to die ne-^v seemed imperative Fortunately die unan- 
sivered questions left behind were noted by other physiologists 
and became die occasion for dieir researches This mode of 
spreading one’s influence is one of the incidental satisfacaons 
diat die investigator can enjoy 



CHAPTER II 


THE SPIRIT OF ADVENTURE 


Investigators do not march straight to their goal with ease and 
directness In their imagination they see a possible fact and 
they set forth to learn whether their foresight can be realized 
Or they come upon something which is puzzling and chal- 
lenging and which they wish to explain, then they try in vari- 
ous ways to relate it to other phenomena that would solve the 
nddle Obstacles and difficulties are sure to be encountered. 
The search for understanding is an adventure or, more com- 
monly, a senes of adventures If an attempt in one direction 
fails, the failure is not discouraging to an eager explorer There 
are other possible approaches to the end in view and relent- 
lessly, one after another, these are tned When the goal is 
reached, there is occasion for joy and exultation A conquest 
has been achieved New knowledge has been gained which 
deeply satisfies both the explorer’s adventurous spirit and his 
persistent curiosity 

Long before experimental methods of advancmg knowledge 
began to enthrall investigators in science, venturesome men 
found their satisfactions in geographical excursions They 
crossed uncharted oceans, they wandered over unmapped terri- 
tory But such possibilities have largely disappeared Untrod- 
den places on the earth are now rare In the Umted States a 
progressive civilization has long since obhterated our rugged 
frontiers In the world itself both poles have been visited 
Everest has been nearly conquered, and in almost all ranges 
the nooks and crannies of continents have been examined The 
thrill of being first to find a spot which has not before been 
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like a collar Winter pictures reveal this wall as being so ver- 
tical as not to hold the snow From the top of the wall there 
IS another gradual slope rising to a rocky citadel -which caps the 
immense bulk below 

At daybreak, July ly, 1901, refreshed by a night’s sleep under 
giant pines, we started the climb After an arduous and exact- 
ing struggle— there were no trails— at about ten o’clock -we 
reached the base of the vertical waU There -we found a well- 
worn path evidently trodden by the mountain goats, for occa- 
sionally on the stiff shrubs along the way we saw bits of their 
white fleece which had been caught and pulled off As fol- 
loAved tlie path, looking for a place ivhere the ivall could be 
scaled, we -were much chagrined to find tied to a shrub a bit of 
cloth Obviously someone had been there before us, and fairly 
recently 

At last the path led us to a sloping crevice in the wall The 
upper and the nether sides of the cre-vice seemed sufficiently far 
apart to permit us to crawl between them to tlie top Comeau, 
who was slight, succeeded in doing this My wife hkewise was 
successful Then I started up My narroivest diameter, hoivever, 
proved too great for a spot where the crevice narroived I tvas 
stuck, and in a desperate plight I could not advance nor could 
I look down to find ivhere I might have a safe lo-\ver footing 
To add to my distress I saw a folding tin cup, "whicli was forced 
out of my pocket as I squirmed, go bounding doivn tlie smootli 
rocky slope for hundreds of feet By good fortune at last I 
felt a small ledge where my hobnails would hold Thereby I 
worked my ivay free from tlie wedged position and regained 
tlie patli below As I sat on it, I experienced an emotional re- 
action ivhich appeared suddenly and mysteriously and deeply 
stirred my scientific curiosity My body was shaking violently as 
in a chill— shaking like an “ashpan” as an old negro put it. 
There ivas nodiing for die others to do but to slip down the 
crevice and 30m me 

Noiv ^ve resumed our tramp along the path It became 
smaller as it rose on the face of the -^vall until it was only a 
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dangerously narrow shelf, with tire wall on one side and the 
bare mountainside on the other We took pains not to look 
dorvn tlrat slope Foitunately, as we continuously crept along 
tire shelf, "we soon arrived at a place in the rvall where rvater 
from tlie snow above had lepeatedly frozen and melted and 
tlrus had broken the rock There it -was possible to make our 
■way up over tire rvet, fragmented surface until we reached tire 
highest slope 

Norv rv’e had come to a region where even the goats had not 
ventured Every step tve took sent loose crumbled rock sliding 
doivnivard In tire circumstances climbing rvas extremely dif- 
ficult, for every step uprvard was largely lost as tlie stones slipped 
downivard beneath our rveight Nevertheless, after arduous ef- 
forts, we managed to reach tlie base of tlie croivning citadel and 
to clamber to the top 

The glory of tlie vieiv disclosed to us ivas hardly to be imag- 
ined The mountain we had scaled, situated slightly west of the 
mam range of die Rockies, allowed us to look aivay north 
and soudi for perhaps a hundred visible miles in eidier direc- 
tion The snow-capped peaks, die glaciers, the lakes, the water- 
falls, all -were gleaming in the sunshine To die north rose die 
steep sides of die Garden Wall To the east we could see die 
vast Montana plain spreading away from the base of the moun- 
tains, like a gray-green carpet Later we learned diat we were 
at the very crest of the continent St Mary’s Lake was partly 
visible. Itself a source of the Missouri River and connecting 
thus widi the Mississippi system and the Gulf of Mexico A 
score of miles nordiward was an area draining into die Sas- 
katchewan and so into Hudson Bay And west of us was a stream 
whose waters entered Lake MacDonald and flowed dience to 
the Columbia and the Pacific Ocean 

That we might leave e'V^idence of our climb -we wrote on a 
scrap of paper a brief account of it and the date, and put the 
record in a small botde Over it we built a caim of flat stones 
So far as we are aivare, no one has climbed the mountain since 
that time It is quite possible that through the intervening 
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decades the paper has disintegrated The caim should be there, 
however, and the bottle under it 

It was nearly three o’clock in the afternoon when we realized 
that if we were to return to our camping place before dark, ive 
must shut our eyes to the glories all around us and start doivn- 
ward On our way we had an adventure that might have 
proved disastrous At a hollow place below the wall, where 
snow had gathered and was melting, we stopped to have a drink 
of water and to eat some sandwiches As we sat there, tired but 
carefree/ we heard an ominous roar above us 

Comeau sprang to his feet and shouted, “Run for the side! 
Run for the side!” Above the hollow where we had been sit- 
ting there was a depression in the height of the wall As we 
dashed to the side of the hollow, we saw a huge rock come roll- 
ing off the top of the mountain’s parapet, land ponderously 
with a tremendous crash, and go bounding down the thousands 
of feet of bare slope It was followed by a continuous stream of 
small stones which poured on the very spot where we had been 
eating our lunch 

Dusk was upon us as we arrived back at camp, tattered and 
tom and well-nigh exhausted In the morning we were awak- 
ened by a horseman nding along the trail and leading a string 
of pack animals He explained that he was a packer serving a 
topographical party that was mapping the region for the United 
States Geological Survey We told him we were there because 
the day before we had gone to the top of Goat Mountain He 
said that members of the party had tried to reach the top a 
few weeks previously, but had been blocked by a vertical waU 
tliey encountered Thus was explained the bit of cloth we 
found beside die path in our climb The packer asked us our 
name, which we ivrote down for him ^ 

Seven years later we were invited to dine with a colleague 
in the Harvard Department of Geology At die dinner we were 

1 A letter wntten shortly after our return to avihzation, to tell our parents 
about our adventure, was found many years later and published in the Park 
Service Bulletin, IX (1939), 37 4 ° 
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intioduccd to Mi Fi-an^ois E Matilics of tlic United States 
Geological Simc) a lojiogiaplici When asked avhcie he Iiad 
avorked he incniioncd among othei places nortlnvcsicrn Mon- 
tana And ivliciP "iqoi ’’ Thcienpon I infoimcd him that in 
iqoi ill) iMfe and 1 had climbed a mountain at the northern 
end of Lake I^IacDonald ‘V feu da)s later the mail brought a 
beautiful conioui imp of tbc area of Glacier National Park, 
and there at the head of tlic lake, uas Mt Cannon Because 
tlicrc ucrc two Goat Mountains in the region another name 
for one of tlicm had to be found, and the govcinmcnt had 
given our name to the one winch ue had been first to climb 

To expert moiintaincci-s who ha\c scaled the Matterhorn or 
Mt McKinlc) or other dangerous and difficult peaks, our small 
achievement uill seem trifling Going up to about ten thou- 
sand feet through such hazards as v\c encountered was for us, 
houever, a thrilling adventure And 11 included some promi- 
nent features of advcntiiic in scientific investigation— the vision 
of v\hat IS desired, the opjiortunit) to tiy to gain it, the stren- 
uous effort, the Signs of previous explorers, the incidence of un- 
anticipated experiences, the encountering of impassable ob- 
stacles and the shift to other apjiroaches, and at last the reward 
of reaching the goal and beholding a revelation of exciting 
fresh aspects of nature 

Nov\ that geographical boundaries in oui own and in other 
civilized lands have been dctcmiincd, the pioneering spirit 
finds in scientific rcscaich enticing vistas foi adventure The 
twilight zone between v\hat we know and the vast unlimited 
range of what we do not know presents us with innumerable 
frontiers In this zone the oppoitumtics for novel experiences 
are immensely more abundant than tlicy hav'c cv'cr been in tlie 
long liistor)' of explorations on land and sea If any one remains 
for a brief time in an active laborator)' of cxpciimcntal rcsearcli 
he IS sure soon to be shown phenomena never previously ob- 
serv'ed Here again is true pioneering As in the early days, it 
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imposes on the adventurer who wishes to become an explorer 
certain demands What are they? 

First among them is resourcefulness The experimenter tries 
to imagine conditions that may be encountered, he may not 
meet them at all, but he may meet others he had not antici- 
pated New devices may be required to overcome unforeseen 
difficulties As the frontiersman may make a com knife out of 
a broken scythe blade, or a butcher knife out of a rusty file, or 
a soap factory from an empty barrel and an iron kettle, so the 
pioneering investigator may be compelled to use his ingenuity 
to the limit in adapting available apparatus and materials to 
the purposes he has in mind 

Another requisite is a forward look and a faidi in the efficacy 
of present and future eflPorts We in the Umted States have 
associated the optimistic frontiersman with die advancing 
boundary of our civilization in the setdement of die West In 
one of his essays Samuel Crothers remarked that there ivas no 
fixed line between the East and the West— it lay where the look 
changed from day-before-yesterday to day-after-tomorrow In 
laboratories where experiments are going on, the hopeful “pros- 
pect” of the pioneer is still a prime moDve It is related to a 
characteristic pioneering attitude of the investigator— an un- 
willingness to be satisfied widi what is already knoivn As Dan- 
iel Boone moved omvard whenever he could see smoke rising 
from a chimney, so the worker in science advances toward novel 
realms of experience A driving initiative compels him to seek 
new ventures When they have yielded the satisfactions of dis- 
covery drey become achievements of die past, to be left behind 
while he enters on further quests 

The boundary of knowledge, however, is pushed fonvard 
with painful sloivness, and always, as an advance is achieved, 
further territory to be explored is revealed We may feel grate- 
ful diat the attractions, the excitements, and the satisfactions 
of pioneering are still provided in the realm of scientific in- 
vestigation 

Beaumont, conducting his physiological researches at Fort 
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fore the dangers were realized, lost the use of fingers and hands 
or became horribly mutilated by the destructive energy of that 
powerful agent In other realms of research the dangers may 
not be so serious, but all research is fairly certain to involve at 
least the regrettable risk of losing time “Uncertainty and loss 
of time,” as Emerson wrote, “are the nettles and tangling vines 
of the self-relying and the self-directed ” Since time runs in only 
one direction, the eager investigator always looks upon its loss 
with sorrow In my own experience I have too often had only 
labor for my pains If the time I have spent in fruitless efforts 
to obtain control of the workmgs of the thyroid gland could 
be added to the end of my days, my span of hfe would be pro- 
longed, I feel sure, by some years 

Experience in the adventures of research is likely to impress 
on the investigator the habit of accepting the incidents of hfe 
in a pioneering spint Events as they occur are met with an un- 
derstanding that they too can be adventures Unpleasant inci- 
dents call for resourcefulness in order to avoid their conse- 
quences Time<onsuming accidents come to be received with 
equanimity, even if tinged with sadness Risks are run with a 
serene recognition that they may end unfavorably And hope is 
held high that, m the future, conditions will improve I do not 
claim that these habits are estabhshed in all investigators or 
that they are invariably in supreme control! 

During my long experience in a busy laboratory I have had 
many opportunities to note the conditions which affect the re- 
search spirit, the characteristics of productive experimenters 
and their ways of working, the mistakes of novices and the er- 
rors of experts, the harm and the value of controversies, and 
other aspects of the life of the investigator In the following 
chapters I shall try to take the reader behind the scenes and 
let him know what occurs there 



n rxFss I'OR rni* en'it.rprisil 


11)1 \ni’<; lu\r umic 1 )\ I !n\c hern jnnrr .Dul ninjc nn 
j>jrK>-rtl In Un occivimiit 1 )rJ <i( onr ot ntlolliri of )lu r'>'>rn 
ml qinlittc; jn i nnn ih ii ^j>oj 1 v 1 u\ oihriui'.i i*v<cllriu 
t'ijDinincnt m innid nntl cluDiin \’; .iii jti\r<>umior lie iin), 
for cMiiiplr, l>r n( li ni '.ti'i^cMixc ulris itul \ri hr uidohni 
Tiid ihrjrfoir ‘■irnir hr nn\ hr i Intd n<nJrr hui xnjdixt 
ihom Im loiilis ind Mnpu mux <if lux fcllou woil.tis. <0 ihil 
hr lx drxpnrd h\ ihriu hr un^ hr in ruiusj r\priuurntt l hui 
iiKonxidmir of hix hrlpn-x, ind ihcrcfoir hr ui.n find lint 
hcl]> IX hruntdiirfl luiu oi hr lU i\ ht pioiir lo tiixpl i\ m .Uli 
ludr of vujHiiomx md touxcqiunih hr xuhjciud to flriixion 
r\pirxx(.d 01 xilcut Soinctuncs in nncxtiu not x tvulUiuc in 
import im u-,: mix ix xo thu jt o\rih d uirtx hix dt ftt ix 1 

Invr htnd of in rnunrm x( jciuixi nlio after xxtcKs fif mttnxt 
ind cNlnuxtiii'j; lihor on i difittuh piohhm, would hre ih aw 
in *1 dix^i It t fill (oioinr Ills cxtipidci were lolcnttd hcfiuse 
of lux omxt indiiif; dixtovtiux Ckirh xnth ntctl foi hdnncim; 
gootl md t\il IS imt to he. loolcd upon with ins cnthustasin 
It IS hdit-i to sirnc foi a set of quihiitx tint tan fonxixtrntl) 
cMxi in one .mothers tompuuonship md tint togtthci fas or 
cffcctistncsx 

Curiosits Ins hecn condemned nx .i dixeixe md ax a low sice*, 
and the-olognns and poets Inse solemnly w lined igainst it Hut 
in sjme of the ttstiinons that it ssiscunoxit) sshich lost us Pai-n- 
disc, I mi sure* that all who aic assare of the fruits of the Tree 
of Knowledge ssould agree* that they Inse hecoine abundant be- 
cause of tJie sp) ing and tr) ing of inquisitive scientists The Nesv 




32 


THE WAY OF AN INVESTIGATOR 


England expletive, “I want to knowl” expresses in the inves- 
tigator a persistent passion He sees events and changes in his 
field which seem to him strange and mysterious Instead of ig- 
noring tliem, as most people do, he wonders about them and 
sets to work to leam tfieir characteristics Curiosity is the main- 
spring of his initiative and his persistent industry It is a prime 
requisite for a career of exploration 

In general, I would point out that there are two ways open 
for us to obtain knowledge of nature’s secrets We may merely 
watch natural events as they occur or we may arrange condi- 
tions so tliat the events will appear, disappear, or be modified 
as we may decide For example, the growth of wheat may be 
studied carefully in different native surroundings or, on tlie 
otlier hand, the wheat may be grown where the effects on it of 
heat and cold, sunlight and darkness, wind, gravity, drought, 
and die chemicals of the soil can be examined individually as 
these various agencies affect its growth and productiveness The 
former method is purely observational, the latter is experimen- 
tal The expenmental method, in which die conditions to be 
observed are held under control, is in the main the distinguish- 
ing feature of modern science 

Contrary to popular belief, there is nothing magical about 
science The scientific method implies first that study of natural 
events suggests certain explanations for dieir occurrence as, for 
example, that lime in the soil or high temperature makes hard 
wheat The inquiring person, instead of immediately accepting 
suggested explanations as true, prefers to put them to test 

Of die two ivays of learning about nature, experiments have 
proved much more fruitful than simple observations— chiefly, I 
think, because experimentation is addressed more direcdy to 
the means of controlling natural forces 

Inquiry into the conditions which lie back of phenomena and 
which determine their appearance calls for imaginative insight 
and the projection of an idea as to what the conditions may be 
The investigator worls on the possibility of realizing an idea 
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It IS pertinent to note tliat he thereby shares die qualities of 
poets and artists, t\'ho exercise die gifts of penetrating insight 
and aeative interpretation The pioposed explanation must, of 
course, be ver)' dioughtfully considered, ivith regard bodi to 
odrei possible explanations and to rvliat has been previously 
learned In order to make progress it is highly important, as in 
the fairy tale, to "ask die proper question ” 

Imagination senses an important purpose bodi in designing 
an experimental study and later ivhen freshly discovered facts 
demand an interpretation At bodi stages a questioning attitude 
should balance imaginative endiusiasm Critical queries should 
be posed at bodi stages In drawing inferences alternative pos- 
sibilities should be scrupulously noted and thoughtfully con- 
sidered And all inferences should be carefully checked to make 
sure drat drey do not reach beyond the point which the facts 
justify 

President Eliot of Han'ard enjoyed telling the story of an 
experience he once had, illustrating proper caution in drawing 
a conclusion 'Wdien he entered a croivded Neiv York restau- 
rant, he handed his hat to die colored doorman As he came 
out he was astonished to see die doorman prompdy pick his 
hat out of die hundreds diere and hand it to him In his sur- 
prise he asked, “How did you know that ivas my hat?” "I didn’t 
know It was yo’ hat, suh,” was die answer “Why, dien,” asked 
Mr Eliot, “did you hand it to me?” Very courteously die door- 
man replied, “Because you handed it to me, suh ” This precise 
himtation of inference pleased the president 

There is likely to be a conflict between imaginative enthusi- 
asm and a proper critical attitude toward a problem and die 
means of solving it I have knoivn investigators who were so 
extremely critical of possibilities that they lemained almost un- 
productive, they -were so constantly seeing obstacles in dieir 
way, and difhculties of interpretation if one or odier result 
might follow from an experimental test, that they hesitated to 
undertake commitment of their time to die inquiry On die 
other hand, the imagination, if not critically controlled, may 
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lead an investigator into ill-considered ventures ivhich will 
waste Ins time or into wild speculations which damage his repu- 
tation as a considerate man of science 

A favorable condition for productivity in research is variety 
of experience, bodi one’s oivn experience and that which may 
be derived through observation of others who are at -work on 
difFerent problems Espeaally is this important during die early 
years of education and discipline Thus insight into diverse 
mediods is acquired, as well as acquaintance with ways in -which 
they are applied As an investigator continues in his career, ac- 
cident will present him with unpredicted opportunities for re- 
search, perhaps in quite new directions The early knowledge 
of various ways of solving problems provides him prompdy 
widi readiness and versatility of attack 

Investigators are commonly said to be engaged in a search 
for the truth I think they themselves would usually state dieir 
aims less pretentiously What the experimenter is really trying 
to do IS to learn whether facts can be established which -will be 
recognized as facts by others and which will support some 
dieory that in imagination he has projected But he must be 
ingenuously honest He must face facts as they arise in die 
course of fexpenmental procedure, whether they are favorable 
to his idea or not In doing this he must be ready to surrender 
his theory at any time if the facts are adverse to it The tragedy 
of scientific inquiry, as Huxley once remarked, is “the slaying 
of a beautiful hypothesis by an ugly fact ’’ 

Technical skill in physiological and in other biological ex- 
perimentaaon may involve a knowledge of the procedures of 
modem surgery This means an acquaintance widi the meth- 
ods of surgical anesthesia, with the precautions necessary to 
avoid infection, and with the use of surgical instmments, as 
■well as a knoivledge of the attentions to aftercare during con- 
valescence 

The experimental method requires ingenuity and skill in 
contriving appropriate devices for securing the evidence needed 
to leam whether an idea is valid or not Acquaintance -with the 
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dam because his studies are sometimes not quantitative m 
metliod Such intellectual snobbishness is not ivarranted so lon^ 
as there are highly important fields of investigation to ivhicli 
matliematics, as a mode of expression, is not applicable It is a 
satisfaction to know that the eminent physical chemist, G N 
Leivis, has declared, “I have no patience ivitli attempts to iden- 
tify science with measurement, which is but one of its tools, or 
with any definition of die scientist that would exclude a Dar- 
win, a Pasteur, or a Kekule ” To those three may be added 
Harvey, Virchow, Pavlov, Sherrington and many odiers 

The investigator should not only possess but also tram him- 
self m keen powers of observation He should be alert and 
ivatchful as events transpire m the course of experiments, so 
that nothing escapes his vigilance We readily behold die fa- 
miliar, we may overlook die unfamiliar An old saying has it 
“We are prone to see what lies behind our eyes rather than 
ivhat appears before them ” Especially when recording devices 
are employed should the experimenter be on his guard The 
record may reveal minor variations and if the accompaniments 
of these variations are not noted at the time, diey remain unex- 
plained Thus a new phenomenon may be quite overlooked 
There should never be complete and exclusive dependence on 
any artificial device for registering biological processes 

A retentive and faale memory is a highly important quahfi- 
^cation Remembered facts are the very stuff ideas are made of, 
die stuff used by a creative imagination, or by a happy accident, 
or by a surprising flash of insight, to furnish new vistas of pos- 
sible progress 

An illuminating instance of die value of memory occurred 
during our Harv'ard researches on acetylcholine, a chemical 
agent ivliich appears at die ends of nerves ivhen diey are active 
and whicli can cause the governed muscle to contract If die 
ner\'e is stimulated rapidly for some time signs of extreme fa- 
tigue appear die muscle no longer responds We know that 
die nen'e itself does not become ured, nor does the muscle, to 
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a marked degree The failure of response is now explained as 
being due to such reduction of the acetylcholine at the nerve 
temiinals tliat the muscle is no longer excited into contraction 
Cunously, an Indian arroiv poison, curare, paralyzes contrac- 
tion by blocking die influence of the agent on die muscle, 
though It does not prevent discharge of die agent from the 
nen^e endings In diese circumstances, dierefore, it could be 
quite possible, by continuous and prolonged stimulation of 
nen^es governing muscles, to exliaust die supply of acetylcho- 
line ivhile die muscle remains quite inactive behind die barri- 
cade set up by curare I happened to recall diat Bowditch 
(about sixty years before) had performed the experiment of ad- 
ministering curare, dien for hours exciting the motor nerve of 
a muscle, and finally observing, as die influence of curare dis- 
appeared, that the muscle responded well to the nerve stimula- 
tion by contracting Here ivas evidence that exhaustion had not 
occurred How could diis extraordinary event be explained? 
What did It imply? My associates then repeated the expenment 
of stimulating a muscle through its nen^e until fatigue ap- 
peared and the muscle ceased to contract That was die point 
at which, previously, investigators had supposed that die end 
had been reached Now, however, the stimulation ivas contin- 
ued, and to the amazement of all of us in the laboratory die 
muscle began to contract again Gradually its response in- 
creased and continued increasing, apparendy without any sign 
of fatigue, until it was performing nearly as well as it did ini- 
tially The acetylcholine was obviously being produced again 
after it had disappeared A new fact had emerged It seems not 
improbable that this remarkable reappearance of persistent 
muscular activity after extreme fatigue may play a role in de- 
veloping the strange phenomenon of second wind 

Patience is another quality the investigator needs As he en- 
ters unexplored territory, he may encounter a veritable jungle 
of hindrances and complications Results which he had good 
reason to expect to find prompdy may not be disclosed or they 
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may be so incongruous that they bewilder him The question 
then arises whether to push onward or to give up the attempt 
Sometimes his method, when carefully examined, is found to be 
defective If the method is not at fault, the difficulty may be 
due to elements in the conditions he is investigating that he 
has not taken into consideration Obstacles encountered in re- 
search, however, sometimes yield quite as important results as 
those which were antiapated In 1897, when I was using the re- 
cently discovered X-rays in studying tlie movements of die 
stomach, I was gready disconcerted by occasional interference 
with my observations Although some animals displayed the 
rolling waves of the stomach wall with the utmost definiteness, 
others showed no movements whatever The whole purpose of 
my effort, of course, was to see the waves and to learn their ef- 
fects Their failure to appear in animals which had been care- 
fully prepared was a serious check on my progress Only after 
some time did I note that the absence of activity was accom- 
pamed by signs of perturbation and that when serenity was re- 
stored the waves prompdy reappeared This observation, a gift 
for my troubles, led to a long senes of studies on the effects of 
strong emotions on the body 

In the complex circumstances of a scientific inquiry there is 
always the possibility that what has been imagined is quite in- 
capable of proof or that it may be too difficult to prove by the 
means’ available While patience and tenacity in research are 
admirable, a situation may anse in which persistence is un- 
warranted Then these admirable qualities may become mere 
obstinacy As I have previously confessed, I have spent uncon- 
scionable time in trying to obtain control of the secretion from 
the thyroid gland I fear that something less admirable than 
steadfastness was manifested in that endeavor 

When in the course of a research an investigator has run 
into a blind alley, he should keep a record of it and in a later 
report he should note briefly the effort that has proved to be 
futile Experience obtained in an unsuccessful excursion may 
thus become valuable to other explorers traveling the same 
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path Knowledge is advanced largely by die method of trial 
and error and, if false steps which have been taken are not re- 
corded, diey are likely to be repeated 

"Willingness to take infinite pains and to regaid carefully mi- 
nute details IS an essential element of the research spirit Astron- 
omy and physics afford many examples of great discoveries that 
have follois^ed from noting slight and unobtrusive irregulaii- 
ties Only by paying attention to a minoi deviation in the orbit 
of Uranus did Adams and Levemer, independently, calculate 
the existence of the planet Neptune ^Vhen Cavendish com- 
bined atmospheric nitrogen widi oxygen by electric sparking, 
diere remained in die chamber a trace— less than 1 pei cent— 
of an unknown gas He recorded the fact, hoivevcr, and a hun- 
dred years later Rayleigh, repeating die experiment, found in 
the residue a new element which he named argon, it is now' 
used as an inert atmosphere in electric light bulbs Further- 
more, die small recorded remnant led Ramsay to demonstrate 
in die ordinar)' air a series of indolent elementary gases, among 
diem neon, ivdiich w'e see ever)w'herc employed in the orange- 
red lights of commercial signs Again, detection of othenvise 
unexplained lines in die solar spectrum resulted in the dis- 
covery of helium, as traces in die air and as a constituent of 
natural gas Such are instances of die value of painstaking at- 
tention to s'mall discrepancies and the faithful recording of 
their existence 

Aldiough diere are notew'orthy examples of eminent scien- 
tific achievement by men who w'ere of frail physique— Darwin, 
for example— It is easy to see diat vigorous health is a great ad- 
vantage in research as in other activities Perhaps it is espe- 
aally valuable for die investigator, because he is subject to con- 
ditions w'liich may make extreme demands upon his physical 
strength and his resistance to disease If he is studying infec- 
tions, for example, he runs die risk of being infected himself, 
as Zinsser was, and even if he is in good health he may succumb, 
as did Rickett and Noguchi Wlien the trail is hot and new re- 
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suits of high significance are being frequently disclosed, tlie in- 
vestigator may work himself to exhaustion He spends not only 
laborious days but also laborious nights, and has but scant time 
for meals One of my students frequently followed an experi- 
ment all day and onward to its conclusion at three or four 
o’clock in the morning Only a stahvart man can for long en- 
dure such stresses 

While no amount of learning will provide a man ivho lacks 
them Avith those inborn qualities of imagination and enter- 
prise which make for productive scholarship, it is clear that the 
experimental investigator should be a person of broad educa- 
tion He should not only know the past of his own science— 
what has been achieved by otliers in the special field in which 
he is workmg, what his contemporaries are doing, and the va- 
rieties of methods that can be brought to bear in solving the 
problems he has set himself— but he should also be informed 
about other sciences In addition, he should have some knowl- 
edge of foreign tongues, and should be able to imte well in 
his oivn 

Active scientific investigation is going on in many countnes, 
and the results are published in tlie national languages In tlie 
past, most of tlie scientific records have been reported in Ger- 
man, French, and Italian, one or die odier of diese languages 
having commonly been used in publications from Russia, from 
Japan, from the Spanish-speaking and the Scandinavian coun- 
tries, and from Holland The advantages of being able to read 
an article, especially one reporting work closely related to that 
of the investigator, in the original language, are obvious 

It IS essential that a scientific observer should be able to 
write a clear and definite report of his aims, his methods, his 
results, and his conclusions Flowery language and dramatiza- 
tion are out of place in scientific exposition Likewise the art 
of persuasion— 1 e , special pleading— must be excluded, for the 
facts presented should be convincing without an appeal to feel- 
ings The prime requirements are clarity and brevity In view 
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The chiitv and hrcMt) wliirli arc so nrrc';<:ai 7 mil both be 
a\cll sened if the mitei excui^es taic in his selection of nords 
and phi'a'-cs Picnsion in the nse of descriptive tenns is highl) 
desirable and often pi o\ ides n ineinoi.able filliji because of its 
striking peiiinence \nd the ehann of an imaginative phrase is 
lianmimiK pirsisteni The I nglish plnsiologist .Sir Joseph bar- 
croft, IS a masioi of snch '.cicntific wilting \\ ho would evci 
forget his testimony tint the snfTnsion of w.aiiiiih which spread 
over his bodv. when he had evpo-ied Iiniiself. naked to a fiigid 
atnioephcu. made him feel as if '“basking in the cold"? The aiL 
of finding words which nirel) fit the thought anti which also 
•aie picjiiantlv picturesque is nrt It is an .irt not eas) to 
achieve, but we e-m .admiie it and siiive for it. 

Desire to give due credit to eailier iiivestigatois in the field 
which he is cMtiiding often pieseiits the scientific wiiter with a 
dilemma Descriptions of pievions studies consume print and 
paper and hnman l.iboi, and ciowd libnr) shelves On the 
other hand credit should be issigncd where it is warranted, 
foi otherwise the reader may not know the antecedents of the 
immediaie enterpiase and the workers v\ho have contiibntcd to 
It, and he mav therefore fail to understand the lelative imjioi- 
Lance of the discoveries being reponed Not infreqncntl) this 
dilemma can be solved b) reference to snmman/ing articles in 
previous publications to vehicli, in all fairness, the attention of 
tJic reader can be diiecied In snch eiicnmsi.anccs it is not ncc- 
cssnr) to introduce tJie account of a rcsc.aich by an elaborate 
historical pie.amble, citations mav be limited to those most di- 
rectly peiiincnt 

The mve^stigator should be generous tow’.ard Ins fellow scien- 
tists Generosity may be expressed in one respect by not rush- 
ing into another's field the moment it is opened Tlie snccess- 
fnl cxjdorcr v\ho lias made startling progress in a novel cntcr- 
piise should be given an opportunity to expand Ins discov'^cnes 
witliout being crowded by newcomers Another opportnnit) 
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for generosity is provided in repeating the work of others 
Sometimes experiments are performed that lead to criticism of 
fellow investigators when in fact care has not been taken to 
repeat exactly the mediods and the conditions originally em- 
ployed Many years ago observations were made in the Har- 
vard Physiological Laboratory on tlie rate of discharge of dif- 
ferent foodstuffs from the stomach Standard quantities, having 
uniform consistency, were mixed with bismuth subnitrate and 
fed By means of the X-rays, and under wholly normal condi- 
tions, It was shown tliat starchy food is discharged from the 
stomach rapidly, fat food very slowly, and protein food at an 
intermediate rate In explanation of these different rates a 
tlieory was propounded as to tlie way in which acid in the gas- 
tric juice might govern the exit from die stomach by control 
of the nng of muscle— the pylorus or gatekeeper— betiveen the 
stomach and small intestine Experiments which supported the 
dieory were performed and published During the decades 
which have passed since the original observations (on die rate of 
discharge of different foodstuffs) were reported and the experi- 
ments concerned with the dieory were described, die suggested 
regulatory role of the pylorus has not infrequently been cnti- 
cized Again experiments have been performed, now to support 
the criticism, but the mediods employed have invariably in- 
volved interference with die natural relations As far as I am 
aware no one has ever repeated exacdy die mediods which led 
to the theory that acid governs the opening and closing of die 
pyloric muscular ring This instance is cited not as a complaint 
but as an illustrauon Quite possibly die dieory is unfit,*but die 
surest way to prove it unfit is by demonstrating diat die evi- 
dence on which It was based is unreliable 

It IS hardly necessary to mention a humble attitude as a 
qualification of the man of science Even diough it may not be 
an essential quahfication, it is a highly desirable one How little 
we know of the immensity and structure of die universe and 
of the nature of the earth and all who dwell therein 1 How 
meager, during the days of his years, can be the contributions 
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CHAPTER IV 


FAVORABLE AND UNFAVORABLE 
CIRCUMSTANCES 


Years ago when the English biological chemist, Gamgee, was 
visiting the old Harvard Medical School, he found us all 
crowded into small, dark, ill-adapted laboratory rooms After 
listening to our apologies and complaints he eased us by re- 
marking, “I have never noticed that the nature of the cage de- 
termmed the singing of the bird " The history of science re- 
veals many instances of admirable investigative studies earned 
on under heavily adverse conditions If the reader will permit 
one more reference to Beaumont, I may point out that his ex- 
penments m the frontier fort at Frame du Chien were con- 
ducted in an environment where the very words “scholarship” 
and “research” would not have been comprehended Having 
none of the opportunities for conference and sympathetic dis- 
cussion ivith fellow workers, having, indeed, no scientific com- 
panions, no library, no journals, no chance of consulting ex- 
perts in any difficulty, and possessing no laboratory equipment 
except a thermometer and a few vials, he prosecuted researches 
on the gastric juice and the gastric digestive processes which 
have never failed to evoke admiration from all who have read 
his record And because he respected “the true spirit of in- 
quiry” and “honestly recorded the result of each experiment 
exactly as it occurred,” his labors, despite the privations he 
suffered, were fruitful and had influence far beyond the bound- 
aries of his oivn country, in France, Germany, and Russia 
Fortunately, with the gradual recognition that scientific re- 
search yields rich values for the satisfaction of human wishes— 
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(oniforis toincnicnrcs. atul clrninatu coiKiutsc; of disease— ron- 
diiions foi the cNpcninenmit; iintsii;; iioi hate been \aslly ini- 
jiuncd \c\ciilulcvs. Td\antii;Kms ( ii< unisiances me soine- 
iitiKs nei;lccicd mid disadtani ii^cons eiiciimsianrcs raiclcssly 
lolciaicd eiihci mat alFcd (lie .Khanreiiieiu of srienee They 
me therefoie. w 01 tin of ronsidti'aiinn 

I ii-^t aniono: fatunblc <onditi()ns I would emphasi7e freedom 
etf action As Grundlint; umaikid 111 an .iddiess at the Ihii- 
\tr>it\ of Halle, more thati two Inindnd ^eais ai’o, onl} liberty 
nllotts science to bloom md minds to jmt foitb then full 
•itienpih Unle^ss an intestmatoi asks no foots and tenders 
none unless he is nun strained b\ intimiiion that he act as a 
sjjecial pleader unless he is tele ised fiom any demand that his 
exjtlorntioits be c<mhntd within leitain limits lest he tnjurc 
cherished doctiines and'ciistoms he is sure to lack the inspna- 
iion and the zest which sprinq; from ntdejtcnde nee in jtionccr- 
tng reseanh The cominon tradition of .icademic fiecdom, at 
least in the natural sciences, whieh h.is been preserved in non- 
sectarian universities in most civib/ed roiintrics, has as a rule 
p;tiarantccd an unfctiere'd mind In the past, anrient supersti- 
tions, doctrinal dogmas, and political ideolog^ies have thwatted 
truth seekers and even made martvrs of them Galileo, astrono 
mcr, was brought befoie the Inquisition and condemned, 
Pntstle}, a discovcrei of o\)gcn, vvas attacked b) a mob of 
Tones who sacked his house, dcs(ro)cd Ins material posses- 
sions, and annihilated the labor of ) cars— and though ho and 
his famil) escaped, he found sccurit) onl) by emigrating to this 
counti-) (lit 1791), and I-avoisicr, Frcneh chemist, warmly de- 
voted to the public welfare, was guillotined b) blind and cruel 
revolutionists who had “no need of scholars” In quite recent 
times, many productive investigators of highest eminence have 
been forced, for “racial" reasons, to flee from their labora- 
tories and seek refuge in foreign lands Full liberty of learning, 
the most potent condition for giving to mankind control of the 
povsers of nature, is not yet assured 

Anotlicr higbly fav'orablc influence is a feeling of security 
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Successful research often requires a continuous and long-last- 
ing program If such a program is to be rudely interrupted by 
political changes, and especially if it becomes dependent on 
pohtical preferment, the research worker, beset by a confusion 
of mixed motives, cannot give undivided attention to his mam 
purpose Then, interest m science alone is likely to fade away 
In some parts of the world there still are large areas of pohtical 
turmoil in which the career of the investigator is hazardous or 
nearly impossible because of the pemiaous influence of po- 
litical adventurers and their personal coteries Governments 
under which such conditions prevail are parasitic, though they 
benefit from the new knowledge gained in other and freer 
lands, they interfere with the achieving of new knowledge by 
their oivn citizens 

Since research is always a pushing forward of exploration 
from known into unknown regions, the explorer can advance 
effecuvely only when he is well acquainted with the back- 
ground from which he starts Access to pertinent literature is 
therefore an important element in the conduct of research In 
the larger centers of scholarly activity there are libranes in 
which complete sets of scientific periodicals, as well as mono- 
graphs on special subjects, are available Occasionally I have 
utilized one of the great advantages which medical investiga- 
tors in the United States can enjoy— that of obtaining through 
a local library the temporary loan of books from the priceless 
collection in the Surgeon General’s Library in Washington 

Productiveness is favored, too, by absence of pressure to pro- 
duce defimte results promptly or within a given time If we 
knew where and when we could find what we seek, research 
would not be difficult Time is reqmred for reading and for 
ruminating and waiting for new ideas, and then for contriving 
experimental tests and giving them critical application Michael 
Foster, the English physiologist, once remarked that “leisure is 
the mother of discovery ” Furthermore, time may be required 
because unanticipated difficulties are often encountered As 
venturers into unknoivn territory investigators cut their oivn 
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trails, in doing so they must occasionally stop to find their bear- 
ings The methods of investigative progress are as remote as 
possible from the methods of machine production To the 
eager and expert expenmenter any hint of censuye or punish- 
ment for failure to bnng forth results within a given period is 
almost certain to be harmful Under such treatment he is likely 
to be filled with anxiety instead of with fertile thoughts, ardor 
for the enterprise, and ingenious plans tor bringing it to 
success 

Men of science derive stimulation from gathering together 
and companng and discussing their experiences This is an op- 
portumty which may be made profitable within the confines of 
a single laboratory On a larger scale it is experienced at meet- 
ings of scientific societies In the United States, the Federation 
of Amencan Societies for Expenmental Biology, the Associa- 
tion of Amencan Physicians, and the immense Amencan Med- 
ical Association hold annual sessions at which the latest steps 
in progress are described The accelerated progress of science 
today has sigmficantly coincided witli the establishment of na- 
tional and international associations which provide opportuni- 
ties for the members to congregate and to report and debate 
their recent discoveries Simultaneously students have migrated 
freely to foreign lands to benefit from contact with inspiring 
leaders These students have returned to their home countries 
and in many instances they have established centers for the fur- 
ther stimulation of scientific workers and for the promotion of 
investigative enterpnses 

International societies and associations and the migration of 
students from one country to another illustrate disregard for 
the barriers of prejudice and exclusive nationalism in sciennfic 
thmking Almost any subject I might select as an example 
would reveal that contnbutions to it had been made by saen- 
tists in many countries and of different races A central interest 
of the Harvard Physiological Laboratory in the iggo’s was the 
work already referred to on the chemical agents which are set 
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free at nerve terminals when tlie nerves become active and 
which exert immediate influence on die end organs— muscles 
and glands Researches pertinent to this interest were earned 
on dunng that decade in Hungary, Austria, Belgium, England 
and Canada, in Mexico, the Soviet Union, Switzerland, and 
the United States Investigators in these countnes all published 
openly dieir methods and results, all mutually profited by the 
unrestneted exchange of ideas There could be no artificial bar- 
riers because the world-wide uniformity of scientific phenom- 
ena renders such barriers absurd In a very real sense all who 
contribute in various lands to die advancement of science in 
any particular field are collaborators 

The lives and acluevements of scientists demonstrate how ut- 
terly fantastic is the notion of so-called “nationalistic” sciencel 
Nothing could be more erroneous than die declaration of Rust, 
minister of education, in dedicating the Physical Institute at 
the University of Heidelberg during Hider’s regime “It is, 
then, very superficial to speak of science as being a common 
property of mankind, equally accessible to all peoples and 
classes and offering them all an equal field of work The prob- 
lems of science do not present themselves in the same way to 
all men The Negro or the Jew mil view the same world in 
a different way from the German investigator ” 

Involvement of a nation in war imposes on men of science 
obligations which are hkely to interfere gready with their 
chosen programs of research Always there is eagerness to be 
useful when fellow citizens are shedding their blood for the 
welfare of all Sometimes current mvestigations can be given a 
shghtly different direction and thereby be related to the war 
effort.’ In other circumstances, however, the interests of the 
mvestigator are so remote from practical usefulness in military 
and naval acuvities that satisfying the desire to be serviceable 
mvolves a sharp break Such was the case in my experience m 
1917 when I left studies of the adrenal glands and undertook 
studies of wound shock 
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Investigators idio employ living animals for experimental 
purposes not only confront more complex problems than do 
the physicists and the chemists but they also confront a hostile 
group of zealous opponents These are die fighting antivivisec- 
tionists— of ivdiom I shall have more to say later— the success of 
ivhose efforts ivould interfere with the activities of the inves- 
tigators and might even abolish the means through tvhich their 
experimental -work can arrive at its beneficent consequences 
The word “vivisection” is unfoitunate because it has various 
meanings "which are not cleaily distinguished To the antivivi- 
sectionists die word too frequently signifies the cutting or dis- 
section of sentient living animals, bound or othenvise re- 
strained and widiout anesthesia subjected to the full torture of 
extensive operations The repeated tales of assumed cruelty, 
the unexplained illustrations of instruments used in laboratory 
procedures, and die imaginary pictures of sufferings the ani- 
mals are supposed to endure at die hands of experimenters in- 
dicate die hideous significance attached by die zealots to die 
word “vivisection ” 

To the medical investigator, on the contrary, the word has a 
quite diflFerent significance It means, to be sure, operations on 
living animals but it does not imply attendant pain, any more 
than does an operation on a living man by a surgeon And if 
an animal is anesdietized, then operated upon, and is killed 
without recovery from anesthesia, clearly the procedure has not 
involved any pain whatever The operation would not have 
been different in effect, so far as the experience of the animal is 
concerned, if it had first been killed and later dissected There is 
abundant evidence diat in almost all physiological experiments 
the observations on living processes are made in precisely this 
way, 1 e , while the animals are on the way to painless death by 
anesthesia In medical investigations substances are injected 
and sometimes diseases are produced, and in surgical research 
it IS occasionally necessary, after a painless operation, to keep 
the animals alive in order to observe the effects of the pro- 
cedure In these instances of inoculation and aseptic operauon. 



_^o " ] ^ THE |vAY OF AN INVESTIGATOR 

the aiumals r^ay^el ill, as they would with a distemper The 
^ain of j.np^la[non is trifling, and in the vast majority of op- 
:; ^ra& ns. even on human beings the aseptic healing of wounds, 
as I can testify from personal experience, causes no consider- 
able discomfort after full recovery from the anesthetic Were 
lower ammals as sensitive as man, therefore, the pain would 
not be great, and there are good indications that they are not 
as sensitive The sight of an animal contentedly munching its 
food a short time after an operation is commonplace in labora- 
tory experience The total amount of pain resulting from ani- 
mal experimentation is in all antivivisection literature grossly 
exaggerated 

Yet the testimony that the immense majority of operations 
in experimental medicine are attended by little or no suffering 
IS everywhere opposed by the antivivisectionists in their writ- 
ings Some of the reports they cite are based on experiments 
performed more than a century ago, before the discovery of 
anesthesia, some are frankly of the class of experiments in- 
volving slight pain and discomfort, some are clear instances of 
misrepresentation by persons too unfamiliar with bodily func- 
tions and the effects of anesthetic agents to understand ordi- 
nary biological description Many decades since, my teacher of 
physiology. Dr H P Bowditch, in testing whether a nerve 
could be fatigued, cut the nerve while the animal was com- 
pletely under the effects of ether and then stimulated tlie iso- 
lated end Commenting on this experiment, a representative 
of the New England Antmvisection Society declared, “It will 
be readily seen, even by the casual reader, that it involves an 
amount of agony beyond which science is unable to go and 
which, to approximate, is impossible except by a person who 
has devoted long years to the study of nerves ” Despite clear 
explanation that not even trivial pain could be inflicted by 
stimulating a piece of nerve quite separated from the brain, 
tlie society continued for nearly a human generation to broad- 
cast this anaent slander 

More recent studies earned on by me or under my direction 
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output If he has ample money to aid him he is not compelled 
to spend time in a shop making necessary apparatus, but can 
order it made by skillful machinists, he is not required to un- 
dertake the labor of rearing and attending to animals for his 
studies, but can buy the animals from reliable dealers or hire 
someone to breed them and give them proper care, he need 
not make charts, graphs, and tables, or prepare tracings and 
records for publication, but can employ a draftsman to attend 
to these matters Just in so far as an investigator is freed from 
distracting attention to a variety of minor tasks which, though 
essential, are better performed by expert technicians in the sev- 
eral fields, IS he enabled to devote himself to his own special 
functions— keeping in touch with the moving frontier of knowl- 
edge, the newest literature, the latest discoveries, estimating the 
significance of fresh achievements in other places as related to 
his own current studies, and, by conferences with his fellow 
workers and by personal engagement in experiments, partia- 
pating in the advances into new territory 

A seasoned investigator has many more pregnant ideas than 
he alone can work upon His service to society, therefore, can 
be enhanced by increasing the number of his collaborators 
For this reason the establishment of fellowships and research 
assistantships at his disposal is thoroughly justifiable When 
such positions are occupied by intelligent and well-trained 
voung devotees of science they augment the productivity of a 
leader in research both by adding to his “hands” and by help- 
ing to evolve neiv ideas, metliods, and theories in the natural 
gii'e-and-take of collaboration 

There is some danger in being responsible for a large group 
of assistants, especially if any of them are inadequately trained 
and if the director of research is harassed by numerous de- 
mands on his attention, not infrequently to afiEairs outside his 
laboratory Data may be reported to him which he has not had 
time to see acquired and which, although tliey may involve a 
systematic oversight, seem to him and to his inexpert subor- 
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dinate quite reliable I have known of a grave enor being 
published tliat resulted from just such circumstances 

Sometimes special, expensive appaiatus is needed for tlie 
conduct of an investigation Occasionally travel must be under- 
taken to reach a region unique for tlie study of animals in their 
natural habitat or to obtain rare specimens One of my former 
colleagues, Homei W Smitli, who became interested in tlie 
evolution of body fluids, had to go to tlie Nile Valley to get die 
lung fish, a highly significant intermediate fonii between water 
and land inhabitants Sometimes travel is desirable in order to 
consult collections of unpublished data or to learn novel meth- 
ods or to compare uses of the same mediods by different in- 
vestigators There are occasions when investigators, ivorkmg 
on similar problems in different parts of die country, may re- 
ceive mspiiing stimulation by being brought togedier in con- 
ference Furdiermore, proper publication of results may de- 
mand costly plates or tables, idiich journals cannot afford 
Indeed, not uncommonly die facilities for appropriate publica- 
tion of an article are inadequate because of lack of financial 
assistance Experience has shown diat for all diese purposes the 
spending of money is defensible— defensible in die pnly way 
recognized by men of science— because it results in the advance- 
ment and spread of knoivledge 

Probably a research fund can be employed more econom- 
ically, certainly it can be employed more efficiently, if the user 
of die fund knows that he can count on uninterrupted support 
When a ivell-tested and trustivordiy investigator is fairly defi- 
nitely assured that he may expect continuance of financial aid 
for his researches, he can plan ahead, he can enter on projects 
ivhich may require years for dieir completion and often prove 
to be the most important, and he is freed from ivorries about 
the future of his irork, worries whicli may interfere seriously 
with single-rmnded devotion to his scientific program 

Whether financial support for scientific research should be 
sought from private sources and benevolent foundations or 
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from governmental subvention is subject to debate It certainly 
seems reasonable that the government should support research 
generously with the expectation that valuable results would be 
obtained, that the citizenry would be enriched, and the public 
welfare promoted The practical application of such a plan, 
however, should be safeguarded against possible abuses A large 
government fund available for distribution is sure to be the 
object of political pressure Administrators of tlie fund should 
be sufficiently expert and influential to resist it Also they 
should represent different aspects of science so diat they are 
able to evaluate all manner of proposals for investigative under- 
takings And tliey should be strict judges, for inevitably there 
would be numerous appeals of a highly dubious character and 
borderline proposals between proper research and projects pri- 
marily advantageous to individuals or institutions, which 
would have to be carefully discriminated Any agency set up 
to administer a fund assigned by the government for grants-in- 
aid should, of course, be scrupulously fair in its decisions, act- 
ing in complete disregard of partisan, social, or racial consid- 
erations 

Governmental support of scientific studies might bring about 
a mimmizmg and possibly at last the disappearance of the 
finanaal help hitherto generously bestowed on universities and 
research institutes by die administrators of the large benevo- 
lent foundations When I was Harvard exchange professor for 
the French universities in 1930, a well-known investigator com- 
' plained to me of the meager funds which came from die gov- 
ernment to finance research in his laboratory I pointed out 
to him that his umversity was situated in a rich city and sug- 
gested that an appeal might be made to wealthy men for sup- 
port of his scientific work With a shrug of his shoulders he 
informed me that everybody counted on the central govern- 
ment to give that support Indeed, the French felt as little in- 
clined to ^'ontribute private money to improve conditions in 
die universities as we might feel if asked for money to improve 
conditions in our post offices 
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Lest there be oscill.'itions of interest or of ability on tlie pait 
of tlie goveniment in suppoiting scientific enterprises, tlie hope 
may be entertained that by good foitimc foundations, winch in 
tlie past have favored such cntei prises, i\ull continue to exist 
and to cxcicise a beneficent innuence By assigning proper 
credit to aid received fiom the foundations a mcmoiial is pre- 
sented of tliose in -whose name tliey \ve\e established Often 
this IS die recognition die founder desired 

^Vhen an investigator cames on Ins experiments in a univer- 
sity or a research institute, die atmosphere maintained by die 
officials of the organization may be helpful or othenvisc If the 
administrauve officials .are sympathetic, if diey do all they can 
to render die ciicumstances as favorable as possible to pro- 
ductive -work in die laboratories, all may go i\'ell On the other 
hand indifference, lack of interest, c.arping criticisms, and a 
pinching financial policy can be deeply discouraging Blessed is 
die scienast who seia'es under considerate and understanding 
administrators 

An investigator who is also a teacher in a college or a uni- 
versity can enjoy die opportunities offered by the long summer 
vacation If he happens to be eagerly on the trail of a promis- 
ing idea, he can spend diis time in untrammeled experiment- 
iTig Or he can use it in getting a diorough acquaintance -with 
a neiv field of research and in preparing for new undertakings 
Again, It offers freedom for writing articles on obser\^ations re- 
cently completed or for a sur^'ey of a group of related studies 
that are ready for general interpretation Or, if there is need 
for recreation and diversion, die free time may be spent for 
those purposes Absence from die laboratory may yield profits 
diat are only realized later for, during the fallow mondis, il- 
luminating suggestions may occur which lead to fresh en- 
deavors 

The question pertinently arises whedier highly advantageous 
conditions for the prosecuDon of research may not m the 
end prove to be unfavorable There are, admittedly, many in- 
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stances of deterioration of enterprise in the presence of easy 
circumstances Will not liberty of inquiry, security of tenure, 
absence of pressure to produce frequently, substantial support 
from assistants, and a generous supply of funds— will not these 
and other favorable circumstances result in subsidence into a 
life of ease and indolence? Rarely, there are individuals ivhose 
ardor for investigation has cooled, ivho succumb to the oppor- 
tumty to waste time m idleness I do not believe, however, that 
personal hardships and limiting privations are required to ren- 
der investigators productive The real devotee of research is 
driven by an impelling desire to learn, to satisfy his burning 
curiosity, to knoiv whether his surmise is true or not Look 
into an active, well-financed laboratory -when a group of ex- 
perimenters are at ivork and you ivill find that enthusiasm for 
advancing knoivledge is mutually stimulating Even if a mem- 
ber of the group should be inchmng to slackness, he would be 
stirred to action by a spirit of emulation and by a -wish to pre- 
serve his good repute Furthermore, a wide survey of scientific 
progress reveals that as decades have passed, conditions for in- 
vestigation have become more and more favorable for those en- 
gaged in It Concomitant ivith that change there has been no in- 
dication tliat seekers for new facts have become remiss and 
slothful, indeed, the advancement of science has been marvel- 
ously accelerated as the conditions have improved 
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How no inxciiit^ntor: ohinin insiglii into wn^s of possible prog- 
ress lounixl nrquunig new knou ledge? Do they sit down and 
think intensnel) ahmit tlie existing stains and what the next 
nio\e shall he or do ihes (onnt upon revelation for hints and 
clainosainc’ rsidencc indicates that reliance has been placed 
on both methods 

from the )cai-s of ni^ \outh the unearned assistance of sud- 
den and nnjiiedicicd insight has been coininon 'While n stu- 
dent in high sihool 1 was occasional!) puzzled h) "oiiginals” 
in algehi i the solution of which was not at .ill cleai when I 
went to sleep at night \s I awoke in the morning the jiropcr 
procedures were immcdi itely esideni and the answers were 
quickl) obtained On an ocaision I was handed a complicated 
to) which was out of order and would not ojierate I examined 
the medianism caicfullv but did not see how- the defect might 
be corrected 1 resorted to sleep for a solution of the problem 
At da) break the coi recta c manipulation .qipeared thoroughly 
understandable, and I piomptly set the contraption going 
\s a matter of routine I base long misted unconscious proc- 
esses to sene me— for example, wlun 1 have had to prepare a 
public address I would gather points for the addicss and write 
them down in a lough outline ^V^thIn the next few' nights I 
would have sudden spells of .awakening, with an onrush of il- 
lustrative instances, pertinent phrases, and fresh ideas related 
to tliose already listed Paper and pencil at Iiand pcnnitted the 
capture of these fleeting thoughts before they faded into ob- 
livion The process has been so common and so reliable for me 
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that I have supposed that it was at the senace of everyone But 
evidence indicates tliat it is not 

An illuminating inquiry into the nature of the flash of ideas 
and the extent of its occurrence among scientific men was re- 
ported by Platt and Baker ^ in 1931 They called the phenome- 
non a “hunch,” a word meaning originally a push or sudden 
thrust In ordinary experience it means the quick gleam of a 
suggestion that flares unexpectedly as the ansiver to a difficult 
question or as the explanation of a puzzle They defined the 
scientific hunch as “a unifying or clarifying idea which springs 
into consciousness as a solution to a problem in ivhicli we are 
intensely interested ” 

In their inquiry into the appearance of hunches among chem- 
ists they received answers from 232 correspondents Assistance 
from a scientific revelation or a hunch in the solution of an im- 
portant problem was reported by 33 per cent, 50 per cent re- 
ported that they had such assistance occasionally, and only 17 
per cent, never Professor W D Bancroft, the Cornell Univer- 
sity chemist, tells of talking to four felloiv chemists regarding 
aid from hunches and finding that to diree of them the experi- 
ence ivas commonplace The fourth did not understand what 
was meant by tlie reference and testified that he had never had 
the feeling of an inspiration, had never had an idea come to 
him unexpectedly from some strange “outside” realm He had 
worked consciously for all his results and what was described 
by tlie others meant nothing to him 

In typical cases a hunch appears after long study and springs 
into consciousness at a time when the investigator is not work- 
ing on his problem It arises from a ivide knowledge of facts, 
but It IS essentially a leap of the imagination, for it reaches 
fortli.into tlie range of possibilities It results from a spontane- 
ous process of creative tliought. Noteworthy in tlie statistics 
given by Platt and Baker is tlie endence tliat having hunclies 
ivas not unknoivn to 83 per cent of die chemists who replied to 

1 W Platt and R A Baker, “The Relation of the Saentific Hunch to Re 
search, Journal of Chemical Education, nil (1931), 19O9 2002 
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ilic questionnaire Tins Iiigh percentage itiiscs tlie qiieiy as to 
wluthci the adsamage of icceiving sudden and nnexpcctcd in- 
sight might not be eiiltnated and thus possessed b) all 

\ccoiding to nn expeiicnce a pciiod of wakefulness at night 
Ins often been the most piofitable time in the tw’ent) four 
hours This is the onl) trtdit I know that can be awaided to 
insoinnn \s an c\nnple of an idea which came to me in one 
such illuinimtmg moment, I will dcseiibe a dcMce that was 
used in the laboraton to obtain an automatically wiitten rec- 
oul of the clotting of blood It consisted of a \er) light le\er 
with the long aim ending in a writing point The long arm was 
not quite counicns Lighted b^ a fised load on the shoit arm, 
but when in addition a small wiu asas hung on the end of the 
short ann it slightl) o\ei balanced the othei side The wiic avas 
so arranged that it dipped into a small glass tube containing a 
few drops of blood frtslih t iken fioin the lunning stieain in 
an aricr) V chock on the long ann preaented the licaa'ier shoii 
ann from falling When the check w.is lifted, howeaer, the 
short ann fell and the a\iic descended into the blood as the 
avTiiing point rose and aarote a lecoid This showed that the 
blood had not clotted The cheek aaas then resioied, a minute 
later It a\as again lifted and again a record aa.is aaiiitcn The 
process a\as repeated thus at legtilai mtcnals As soon as the 
blood clotted it sujij)ortcd the light aairc and, now, avhen the 
check a\as raised, the heaaier long arm did not use and the fact 
that the blood had turned to a jelly avas registered on the re- 
cording surface MI this avas presented to me as a complete 
mechanism in a brief period of insight avhen I aavokc in the 
night 

Another example I may cite a\as the interpretation of the sig- 
nifiamce of bodily changes aa’hich occur in great emotional ex- 
citement, such as fear and rage These changes— the more rapid 
pulse, tlic deeper breathing, the increase of sugar in the blood, 
die secretion from the adrenal glands— avere very diverse and 
seemed unrelated Then, one avakeful night, after a consider- 
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able collection of these changes had been disclosed, the idea 
flashed through my mind that they could be nicely integrated 
if conceived as bodily preparations for supreme effort in flight 
or in fighting Further investigation added to the collection and 
confirmed the general scheme suggested by the hunch 

A highly interesting instance of the appearance of a hunch 
with important consequences has been told by Otto Loewi, 
formerly professor of pharmacology at the University of Graz 
The incident is related to the first demonstration of a chemical 
agent liberated at the end of nerves and, as already mentioned, 
acting as an intermediary between the impulses which sweep 
along a nerve and the structures they control Many years ago 
T R Elliott, while a student at Cambridge, England, had sug- 
gested that the reason why adrenaline, when injected into the 
body or applied to an absorbing surface, mimics the action of 
sympathetic nerves, might be because these special nerves, when 
active, discharge adrenaline at their terminals Thus there 
would be no essential difference between the effects of adrena- 
line delivered by the streaming blood and adrenaline serving 
as a chemical deputy for the arriving impulses Later, H H 
Dale had proved that the substance, acetylcholine, could mimic 
the action of such nerves as the vagus, which can cause among 
odier effects a slower beating of the heart There was no proof, 
however, that in any condition nerves actually produce their 
effects by means of a chemical mediator The crucial problem 
was tliat of demonstrating whether the idea was correct or not 
One night, after falling asleep over a trifling novel. Dr Loewi 
awoke possessed by a brilliant idea He reached to the table 
beside his bed, picked up a piece of paper and a pencil, and 
jotted doivn a few notes On awakening next morning he was 
aware of having had an inspiration in the night and he turned 
to the paper for a reminder To his consternation he could 
not make anything of tlie scrawl he found on it He went to his 
laboratory, hoping diat sense would come to what he had 
ivritten if he were surrounded by familiar apparatus In spite of 
frequendy ivithdrawing the paper from his pocket and studying 
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It earnestly, he gained no insight At the end of the day, still 
filled with the belief that he had had a very precious revelation 
tlie night before, he went to sleep To his great joy he again 
aivoke in the darkness witli tlie same flash of insight which had 
inspired him die night before This time he carefully recorded 
It before going to sleep again The next day he went to his 
laboratory and in one of the neatest, simplest and most defimte 
experiments in the history of biology brought proof of the 
chemical mediation of nerve impulses He prepared two frog 
hearts which were kept beating by means of a salt solution He 
stimulated the vagus nerve of one of the hearts, thus causing 
It to stop beating He then removed the salt solution from this 
heart and applied it to die other one To his great satisfaction 
the solution had the same effect on the second heart as vagus 
stimulation had had on the first one the pulsating muscle was 
brought to a standstill This ivas die beginning of a host of in- 
vestigations in many countries diroughout the world on chem- 
ical intermediation, not only betiveen nerves and the muscles 
and the glands they affect but also between nervous elements 
themselves 

In the lives of saentists there are numerous instances of the 
value of hunches Helmholtz, the great German physicist and 
physiologist, when near the end of his life, told of the way in 
which the most important of his ideas had occurred to him 
After investigating a problem “in all directions,” he testified, 
“happy ideas come unexpectedly without effort like an inspira- 
tion So far as I am concerned, diey have never come to me 
when my mind was fatigued or when I was at my working 
table ” Rest was necessary for the appearance of the original 
ideas and they occurred as a rule in the morning after a mght’s 
sleep 

For years during which Danvin was accumulating great num- 
bers of facts he saw no general meaning in them, but felt that 
they had some great significance which he had not yet per- 
ceived Then, suddenly, the flash of vision came In his brief 
autobiography he writes, “I can remember the very spot in the 
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road, whilst in my carriage, when to my joy, the solution oc- 
curred to me ” Thereafter, with vast toil in the arrangement 
of facts and in careful exposition, he framed his statement df 
the theory of biological evolution 

The personal testimony of investigators ivho have had 
hunches emphasizes the sudden and startling character of the 
experience A few quotations taken from Platt and Baker are 
illustrative 

“At three o’clock m the morning I awakened with an entirely new 
process clearly before my mind’s eye ’’ 

“I came to the plant one Sunday morning about nine o’clock 
when no one was around Suddenly it dawned on me tliat one of 
the variables was more important dian all die others together ’’ 
“Sunday in church die correct prinaples came like a flash as the 
preaclier was announang the text ’’ 

“Freeing my mmd of all thoughts of die problem I walked briskly 
down Treraont Street, when suddenly at a definite spot whicli I 
could locate today— as if from the clear sky above me— an idea 
popped into my head as emphatically as if a voice had shouted it ’’ 
“I decided to abandon the work and all thoughts relative to it 
and then, on the following day, when occupied m work of an 
entirely different type, an idea came to my mind as suddenly as a 
flash of lightning and it was the solution Like other ‘hunches’ 

I have experienced in my research work, the utter simplicity made 
me wonder why I hadn’t thought of it before ’’ 

“The idea came with such a shock that I remember the exact 
position quite clearly ’’ 

“Then the explanation, essentially complete, sprang into my 
head ’’ 

“Instantly the ‘hunch’ flashed m and said, ‘This is the way to 
produce what you have spent long months of work on ’ ’’ 

“One day, whde sitting at my desk, doing nothing, and thinking 
about other matters, a thought flashed through my mind I im- 
mediately left the office, went out into the plant by myself, made 
a few tests, and solved the difficulty ’’ 

The foregoing quotations emphasize how surprising and how 
thoroughly unexpected the fruitful hunch can be 
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There has been much discussion of whai lies back of die cv 
pcricucc of IiaMiig ininchcs They ha\c been asciibcd to the 
opcntious of die ‘‘siibcouscioiis niiud ’ Tins cvpicssion seems 
to me to be a confusion of icims, foi ii iinolves die concept 
that a mind exists of winch we aie not (onscious I .im aw’aic 
tint m psscliolog} tins \icw' has been held Indeed, one psy- 
chologist with whom I discussed tlic maitei declaied that w’hei- 
c\cr ncncs cooidinate the actnit) of muscles, a mind is pres- 
ent I told him that the nene net in the wall of the intestine 
brings about a contnciion of muscles abo\e a stimulated point 
and a lehxation below it so that a mass witlnn the tract is 
mo\cd onward This is eooidinatcd nciion, and I asked him 
whether he would asciibe a mind to the intestine II is leply 
was ' Ludoubtedl^ ” The attitude thus expressed was extreme 
It ma) be taken, howeser, as a basis for criticmng the assump- 
tion tint there is a mind whcicser nersous actnit) goes on, 
when in fact there is no evidence to suppoit the notion Numer- 
ous highh complex resjxmscs which can be evoked from the 
spinal cord and man) nice adjustments made b) the jiart of 
the brain that manages our nonnal balance and jiostuie are 
w’holl) unconscious Tlieie is no indication whaicvei that any- 
thing which we recognise as a mind is associated with these 
nervous activities 

To me as a j)h)siologist, mind and consciousness seem to be 
equivalent, and the evidence appears to be strong that mind or 
consciousness is associated vsitli a limited but shifting area of in- 
tegrated activity in the cortex of the bnun The physiologist 
assumes that, underl)ing the aw-.arcncss of events as it shifts 
from moment to moment, there are correlated processes in the 
enormously complicated mesh of nervous connections in the 
tliin cortical la)cr Such activities could go on, how’cv'cr, in 
otlicr parts of die cortex and at the time be uni elated to the 
conscious states They w'ould be similar in character to the 
acuvities associated wutJi consciousness, but w’ould be cxtracon- 
scious Our knowledge of the association between mental states 
and nerv^ous impulses in tlie brain is still so meager that we 
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often resort to analogy to illustrate our meaning The opera- 
tion going on in an industry under the immediate supervision 
of the director is like the cerebral processes to which we pay 
attention, but meanwhile in otlier parts of the industnal plant 
important work is proceeding which die director at the mo- 
ment does not see Thus also with extraconscious processes By 
using the term “extraconscious processes” to define unrecog- 
nized operations which occur during attention to urgent affairs 
or during sleep, the notion of a subconscious mind or subcon- 
sciousness can be avoided 

The question arises as to what conditions are favorable and 
what unfavorable for die appearance of hunches Among the 
unfavorable conditions are mental and physical fatigue, petty 
irritations, noise, worry over domestic or financial matters, 
states of depression, and strong emotions Other unfavorable 
conditions include being driven to work under pressure and 
being interrupted or feeling that there may be interruption at 
any time, as in the demands of administrative duties 

Among the favorable conditions is a great interest in the 
problem to be solved, a clear definition of this problem, and 
an eager desire for its solution A large store of related infor- 
mation already acquired is another prerequisite The greater 
the number of facts which are pertinent to the urgent problem 
and which can be combined in novel ways for explaining the 
puzzle It presents, the more likely is die puzzle to be solved 
The relative facts should be systematically organized, indeed it 
IS better to have a small number of facts well co-ordmated dian 
a great mass of incongruous data A sense of well-being and a 
feeling of freedom are other advantageous circumstances R S 
Woodworth in his Psychology has listed as conditions favoring 
invenuon a good physical state, a fresh mind, mastery of the 
subject, striving for a result, confidence, enterprise, willingness 
to take a chance, eagerness for action, and readiness to break 
away from routine A helpful atmosphere for the appearance 
of a hunch is produced by discussing the problem with other 
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investigators and by reading articles pertinent to it and also 
pertinent to methods useful for its solution 

The foregoing considerations reveal that the occurrence of a 
scientific hunch is closely related to antecedent preparations, 
and that its value is dependent on subsequent activities di- 
rected toivard testing its validity The ivhole process, including 
the prepaiatory and the confirmatory stages, is well illustrated 
in the discovery by Claude Bernard diat the liver stores sugar 
and, when diere is need, sets tlie sugar free In a study of die 
phenomena of nutrition, he noticed the important role played 
by sugar In testing die blood for its sugar content at various 
points after its departure from die intesune, where sugar is ab- 
sorbed, he found less in the blood of the left side of die heart 
and in the arteries than in the veins He drew the erroneous 
conclusion that the sugar was consumed in the lungs Then 
Bernard’s interest in die metabolism of sugar in the body led 
him to examine persons suffering from diabetes, and he was 
struck by the evidence that the output of sugar m the unne 
of diabeucs is greater than that represented in the food they 
take in There sprang into his mind a guiding idea that sugar 
is produced in die organism This was the hunch which had to 
be tested He assayed the sugar concentration at various points 
m the circulatory system and found that after the blood passed 
through the liver it was richer in glucose dian it had been be- 
fore entering The conclusion was justified that the excess was 
derived from the liver 

In order to avoid cnUcism, however, Bernard supported this 
evidence by a confirmatory experiment He fed a dog exclu- 
sively on meat, which would not give rise to glucose in the proc- 
ess of digestion, and found that, widi the methods he employed 
at the time, blood in the portal vein leading away from the in- 
testine to the liver was devoid of sugar while that coming away 
from the liver contained sugar in abundance In this case the 
glucose, according to the evidence then available, was derived 
entirely from hver stores Finally, in order to meet the objec- 
tions and doubts of contemporaries who very seriously ques- 
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tioned the ability of animals to produce glucose, Bernard 
showed that if a current of water is passed through the blood 
vessels of the isolated liver die time comes when the perfusing 
fluid contains no trace of sugar Now, if the liver is exposed to 
a temperature approximately that of die body, after a few hours 
abundance of glucose is found in it In this record of funda- 
mental experiments, revealing a process ivhich Claude Bernard 
was first to call an “internal secretion,” the conscious prepara- 
tion for the discovery was associated with an erroneous conclu- 
sion, but It led to a deep interest in the origin and fate of sugar 
in the body His hunch may be regarded as the consequence of 
that interest and as the basis for the experiments He defimtely 
established the proof that the hunch was correct and that sugar 
IS actually produced by processes taking place in the animal or- 
gamsm 

Different criteria for classifying scientists engaged m ex- 
perimental studies have been suggested Bancroft has proposed 
two groups the guessers and the accumulators The guessers 
are men who work with use of theories and hypotheses, the ac- 
cumulators are mainly collectors of facts— often using, to be 
sure, ingenious and delicate methods in order to learn new 
facts According to Platt and Baker the chemists who reported 
that their ideas came to tliem consciously were of the accumu- 
lator type Many of them, indeed, declared that the idea of the 
hunch was quite distasteful The replies from other chemists 
indicated that they were typical guessers It is probable that an 
inquiry would show that the guessers are usually the revealers 
of new directions for future research and that hunches are 
highly significant in their scientific life Although accumulators 
and those who may be designated as “gleaners” may not ongi 
nate novel enterprises, they perform important functions m 
filling the gaps which may have been left by the more enter- 
prising and bolder spirits 

Some readers may be surprised by the testimony diat impor- 
tant advances in science are commonly the result of sudden rev- 
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elations— really, unearned grants of insight— instead of being 
the product of prolonged and assiduous thinking The hunch 
is not alone in giving die investigator an inviting opportunity 
to use his talents As I shall indicate in the next chapter, he is 
favored at times by the good fortune of happy accidents 
Neither the bounties from insight nor the bounties from 
chance, however, relieve the investigator from the necessity of 
hard labor, for the suggestion which is presented from either 
source still has to pass the rigorous test of critical proving be- 
fore It can be admitted to the realm of truth 
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GAINS FROM SERENDIPITY 


In 1754 Horace Walpole, in a chatty letter to his friend Horace 
Mann, proposed adding a new word to our vocabulary, “seren- 
dipity ” The word looks as if it might be of Latin origin It is 
rarely used It is not found in the abridged dictionanes When 
I mentioned serendipity to one of my acquaintances and asked 
him if he could g^ess the meamng, he suggested that it prob- 
ably designated a mental state combining seremty and stupidity 
—an ingenious guess, but erroneous 

Walpole’s proposal was based upon his reading of a fairy tale 
entitled The Three Princes of Serendtp Serendip, I may inter- 
ject, was tlie ancient name of Ceylon “As their highnesses trav- 
eled,” so Walpole ivrote, “they were always making discovenes, 
by accident or sagacity, of things which they were not in quest 
of ” When tlie "word is mentioned in dictionaries, therefore, it 
IS said to designate the happy faculty, or luck, of finding un- 
foreseen evidence of one’s ideas or, with surprise, coming upon 
new objects or relauons which were not being sought 

Readers who remember Bible stories will recall that Saul, the 
son of Kish, was sent forth to find his fatlier’s asses, which were 
lost In die discouragement of his failures to find them he con- 
sulted one, Samuel, a seer And Samuel told him not to set his 
mind on diem for they had been found, but to know that he 
i\'as chosen to rule over all the tribes of Israel So it was an- 
nounced, and the people shouted their approval Thus modest 
Saul, ivho ivent out to seek lost asses, w'as rewarded by a king- 
dom That IS the earliest record of serendipity I am aware of 
Probably die most astounding instance of accidental discov- 
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ery m eiLlicr ancient oi modem histoi7 ivas ilie finding of Uie 
western ]iemisplieie by Columbus He sailed au'ay from Spam 
firm m the faith that by going west lie would learn a shorter 
loute to the East Indies, quite unexpectedly he encountered a 
whole new ivoild It is notewortliy that he ivas not aivare of the 
signifioince of what he had found Indeed, it has been said tliat 
he did not knoiv inhere, in fact, he ^vas going nor where he tvas 
when he anived nor where he had been after his leturn, but 
nevertlieless he had had the most unique adventure of all time 
He realized that he had had a remarkable experience and, by 
extending tlie knowledge of what he had done, he laid a course 
ivhich otlieis might folloiv Such consequences have been com- 
mon when accident has been favomblc to one engaged m a 
seardi and die enterprise has proved fruitful 

In die records of scientific investigation this sort of happy 
use of good fortune has been conspicuous A good example is 
afforded by die ongin and development of our acquaintance 
widi electrical phenomena It is reported diat some frogs’ legs 
were hanging by a copper wire from an iron balustrade in the 
Galvani home in Bologna, diey ivere seen to nvitcli ivhen they 
were swung by the ivind and happened to touch the non 
MHiedier die twitching ivas first noted by Luigi Galvani, the 
anatomist and physiologist, or by Lucia Galvani, Ins talented 
ivife, IS not clear Certainly diat fortuitous occurrence late in 
die eighteendi century' ivas not neglected, for it started many 
researches wliicli have presented die Galvani name in die terms 
“galvanize” and “galvanism ” And it also led to experiments by 
his contemporary, Volta, on die production of electric currents 
by contact of tivo dissimilar metals— and dius to die invention 
of die electric battery— experiments so fundamentally impor- 
tant diat Volta’s name is retained in the daily use of die words 
"volt” and “voltage ” 

Such i\'ere the accidental beginnings of die telegraph and in- 
directly of die telephone, radiobroadcasting, and die promise 
of practical television And such also were die beginnings of 
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our knowledge of animal electricity We now use it, for exam- 
ple, to indicate the disordered state of the heart, because every 
cardiac contraction sends forth through our bodies an electrical 
\vave, a wave that has a different shape according to tlie dam- 
age in tlie heart muscle Only recently have we begun to em- 
ploy animal electricity to give us information about conditions 
in the brain That marvelous organ composed of many billions 
of nerve cells can display rhythmic electrical pulsations and, 
when extremely delicate instruments are apphed to the scalp, 
they can reveal the different types of pulsations in rest and ac- 
tivity and the modification in some states of disease 

Even in the growth of electrical science, serendipity has 
played important roles It was by pure chance tliat the mys- 
tenous relation between electricity and magnetism ivas discov- 
ered At the end of a lecture the Danish physicist. Oersted, hap- 
pened to bring a mre, which was conducting a strong current, 
to a position above and parallel to a poised magnetic needle 
Previously, and by intent, he had held the wire perpendicu- 
larly above die needle but nothing happened, now, hoivever, 
when the wire was held horizontally over and along die nee- 
dle’s lengdi, he was astonished to note that without any visible 
connection die needle swung around until it was almost at 
right angles to its former position With quick insight he re- 
versed the current in the wire and fqund that the needle then 
deviated in just the opposite way Later, Faraday not only con- 
firmed the report that an electric current in a wire can move a 
magnet but also demonstrated that a moving magnet can cause 
a current to appear in a wire From these trifling and casual 
happenings has gradually evolved our vast modem electrical 
industry with its immense generators and its ingenious arrange- 
ments for distributing extensively over great areas die power 
ivhich provides us with many highly prized conveniences— light 
in dark places, a cool breeze on a summer day, heat for our 
morning toast, refrigeration for perishable food, sparks in mo- 
tor cylinders, die automatic management of complex machines, 
safety at sea, and multitudes of devices helpful in our daily 
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Ii\c^ When we roiiMclcr ilie piodimou*; nnd jiitiicaic iinohc- 
iiiciu or clcciruiiv in the nfT.nrs of mankind tliroupliout the 
world, Gahani’s fiocs Itt;*' nn\ he leqaidcd as almost equal in 
lintorinl imjjnriance to the cim\eK of C olumhiis 

In the hiolomeal seicnres screndipits has been quite as ronsc- 
qucntnl ns m the ph^«.irnl Mienrts Clnndc Iknnul, for t\* 
nmplc. Ind the idcn tint the impuKis winch piss alomj; nerve 
fibci's set lip rhcnneal c Inimcs piodinmi; luMi In an cspeii 
mem peifoimed about the middle of the last eeniurv he meas- 
ured the lemjveintnic of n rabbit’s enr and tiu n srveied a neive 
which delivci-s impulses to tint stnictinc espc'ciim*. in nccoid 
anre with his ilieon tint the eu depiivid of neive imjMiIsrs 
would be cooler th in ns mntc on the ollii i side , 'I o Ins gie it 
surjinse it v\ns coiisidenblv wnmieil Without nt fiist knowim; 
the impnit of v\lnt he Ind done, he h id di<( omiec ted the blood 
Vessels tif the cm fiom the nencuis innutnecs tint noimally 
Iiold them modentelv rontneted. iluieiipon the waim blood 
from imennl oii;nns wns hushed tlnoui:h the expanded vessels 
in a faster (low and the em teinpe nttne lose 'rinis by at c ide nt 
appcired the first intimation that the passive of blood into dif- 
fcicnt pans of the both is undci the ^ovtinmem of ntnes— 
one of the most M^nifirant idvanees in oui kiiouleduc of the 
circulation snicc Haneys proof eailv ni the sevciiteenih een- 
lun. tint the blood does indeed ineulite in the vessels 

\noiher siiikni” instance of lecideinal discovery has been 
dcscribtcl by the Iicuch physiologist, CIniles Ricliet, a Nobel 
laureate It was concerned with a peculiar sensitiveness tow.nd 
certain substances— sueli as white of egti, stnwbeiiies, ragweed 
I>ollcn and mimeious others— that we now speak of as nunfthy 
h\is or allrrpy This may result from an initial exposure to the 
substance wlneli later becomes poisonous to the victim The 
phenomenon had been noticed incidentally befoie Richet’s 
studies, but because it did noi receive attention ns chniaeieiis- 
tics were virtually unknown In Ins charming little book J.( 
Savant, he has told the story of Jiow quite unexpectedly he hap- 
jiened upon the curious fact He was testing an extract of the 
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inn (iToni tin' jvhtnl till'i punnks iltc di.ihcut sttAfcui -with 
ilic iinnlin In ticctl*; 

Vn tmfiiit vt 1 11 (ontni’^dnN ni n (xn'-ion nth Tints 

ht’ruisc «il tin vt nntis puihltni it pu suits A Mil) inp iiistiint 
IS illdnktl in llic tisr of |ia)isln(l lut 'riuif n.is nn rmson to 
.iniiripuc lint iln polivhiin; oF lire stoiild he Itiiiiiriii to lliosc 
ulio (itpt inltxi iipnii It Ts .1 f<)t*tl ^<i uiiun.il tif tin* < tivfiing 
fmni the Ininrls pn'dtntii in nnnnds nf sniiins tin distist. 
hciilnii Ksiiltini: in niinn .isui.ihlt sonon .nul djstrt'ss \s Ji.is 
httii pnintt^l out )ion<'\(i. tin studs of Iniilnn tints iiiinit 
tnmh indnrcd, tint Itnrti not onis tliot nist of tint disordti Init 
dso snntd (\pIoiitions in tin ssholt it din of tltfuitins dis 
nsts tnd tlnis ltd to tin tiisroson of sonn nf tin most intnnntc 
stnt ts <if rt llnhi pioicssts 

A ttcrni inst.tnrc of siundijsns s\ts tlic findinu; of \itiinin 
K htJ of nlinli dcpiisrs tin hlood of in tssnitnl tltiinnl for 
Its todnlnmn Tin H inisli insosm; nor. Otiii tikI Ins tol- 
iThontni-s smic nttiKiii” tin tin inn d ili units in .i ttit nn f itts 
siilntTiut in tint Is 1 In \ nnitti lint tin .iiniinh on n sptci d 
rtsiiKitd tint offtn sulfnttl fioni txttnsist inttnnl Innnoi- 
rlncii s In n tin dn t s\t< tli inuttl to stitls nntl silts, tin hlcttl 
lilt; fitlid If) occur Ih tntn il it ms iIjl ihnorin.il tontlnion ssts 
prosttl to bt tint* not tt) lick of ms jiitsiousK ) nosni Mt.innn 
but to 1 nk of 1 specific lutin com.nntd in the listi f.n of snmc 
.TS well TS in Ctrl nn st^ii ibits intl in nnns t ere ds I'Jns uitnt. 
sminin K Ins piostii it) In import. int in sni^t i } I oi t x.nnplt*. 
pTiitnts dlbcttfl sMili j iiindict. t)v inji; to .m obstiuction m the 
blit tint I t.ni bt ulitstti b\ optniiion, nnff)i tnintcl) in j.nin- 
ditt hontsci blood t lots \ ti ^ slots Is , in npentioti, theitfoit, 
nns bt ntcntlcd b\ tlisistrons blttdinp; Tins tlm'itr c.tii now 
be reidih obsiTittl b\ fettltnp sit iniin K (with hile silts), foi 
It itsioits to .111 cffcttist f onct ntrititm the deficient tleinem of 
tJie tlotiin" pioctss i hentfitiion sshicli Ins come to hiim.in 
hcin'is fiom .i clnntc ohstrs.Ttion on thicLs 

In iJic life of .in inscsiigTtor sshost rcsc.Trches range c\- 
ttnsistly, .idsTintagcs fiom hap))) ch.mtc arc almost certain to 
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be encountered During nearly five decades of saentific expen- 
menting instances of serendipity have several tunes been my 
good fortune Two experiences I mention elseivhere, but not 
in relation to serendipity One ivas stoppage of the movements 
•of the stomach and intestines in times of anxiety The other 
ivas the strange faster beating of the heart, after all its govern- 
ing nerves ivere severed, if the animal became exated or if sym- 
pathetic fibers were stimulated in some remote region of the 
body This effect, due to an agent earned to the heart by the 
circulating blood, led to the discovery of sympathm Both phe- 
nomena ivere quite unexpected Proof that the stoppage of di- 
gestive movements tvas due to emotion ivas the beginnmg of 
many years of research on the influence of fear and rage on 
bodily functions And the unravehng of die mystery of sym- 
pathin led ultimately to prolonged studies on the chenucal 
mediator that serves to transmit influences from nerve endmgs 
to the organs they control 

There are many other examples of serendipity which I might 
detail, among them Nobel’s invention of d)Tiamite, Perkm’s 
stumbling upon the coal-tar dyes, and Pasteur’s finding that a 
vegetable mold causes the ivatery solution in -which it is nur- 
tured to change the direction of the light rays as they pass 
dirough Dynamite placed gigantic poivers in the hands of man, 
the coal-tar dyes have fundamentally affected such varied ac- 
tivities as warfare, textile industries, and medical diagnosis, and 
Pasteur’s casual observation has developed into an immense 
range of chemical theory and research 

Three legends of accidental leads to fresh insight serv^e to 
introduce the next point, which is quite as important as seren- 
dipity Itself I refer to the presence of a prepared mind It is 
said that the idea of specific gra\aty came to Archimedes as he 
noted by chance the buoyancy of his body in ivater We have all 
heard the tale, illustrative even if not authentic, that the con- 
cept of a universal law of gra\ntaaonal force occurred to Isaac 
Neis'ton -when he saiv an apple fall from a tree -while he lay 
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nm'vin" the i;Mss in an oulnul Of Mnnln nnjMiu is die 
'-ion dm dit )')os'>ihiln\ of tlu su nn tnmiu MuUUnls oianitd 
to jiiiuv Watt wlun lu lieluld t!ic jitnodic hftinj; of liu* lul 
of a 1(1 kciilc hv ilio si< am pu*>suu' nidnii n Main n man 
lUnttd Ml a\ ltd hrfou \i<lnnu<ks. apples fell fiom tices as 
lont; ac;<» as the (dultii of 1 (k n (t\aii date niKtuain!) .incl 
die omuisli of snim n;iinsi usiviuik (oiild line hetn noted 
at am time since ilir dis(o\ci\ of fur and its use nildei .1 < o\ 
eual pot of \v itri In all tlnee ( ises it \( is eons Ik foie tile sijj 
ninranc c of tlioe events \e is pe ki i\( d ( )|)\ loiish 1 < li me e dis 
(o\cn imohes both ilic jilunoimnoii to Ik obseiacd and the 
ijijiK native intelligent obsciaci 
I mav novc add to dn se legends and tlu 11 illnstiative siRiiifi 
raiue the Instoiv of that maneloiish jiovvnfnl eiumv of infte- 
non penuilhn In in-’n du 1 imlish bac tetiolo<;ist \le\ander 
riemnu lepoited lunu nn: that a ctiltnu of pm puidiit nn: b u 
tern nncknscnt dissoltmon in the nei^hboihood of a mold 
v\hi(h airideiitilh eontaimnattd it I his was the piet;nant 
hint \ fiuless woi}(r imclit have ihiovMi the (ultme away 
heraiise of tlu com imin ition Imii id. 1 kmitn: ka the mold 
glow in bioih ind thus k mud tint theit p issid into the bioth 
fioiii the moki 1 stdist me < vshieli w as higlilv eflit 11 ions in stop 
ping the eiowth of 1 v\ide ivingt of disiase piodneing genus 
and dcsijtniin: them 1 iinhtniioie he k lined tint, vvheii in- 
jearteal this siibsiaiut w is not itself h miiftil to animals The 
mold 1 V iiietv of Iknieillimn. suggested the name “peninl- 
lin ' The long snuggle of llovsaid 1 loiev and his associates at 
Oxfoid in pnrifving md st nuliidi?ing this liighlv potent agent 
and in jiioving ns v due in hum.in easts tannot he leconnied 
here The itcoid, howevei. ie*poiis one of the most sinking in- 
stanets of iimiiense value tint can lesuh fiom 1 coinhination 
of dianee ind .in aleii intelligence, and shows how a hnlliaiiL 
discovert is made pi-aent d b> fiard hihoi 

Long igo Pisteiir leeogm/td that when accident favois an 
investigatoi it innsi he met b) sharp insight, for he luteicd the 
vsise and discerning dictum, ‘'Dans Us c/ianifjs dr l'obs( watwn, 
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le hasard ne favorise que les esprits piepards ” Even before Pas- 
teur, Joseph Henry, tlie American physicist, enunciated tlie 
same truth when he said, “The seeds of great discoveries are 
constantly floating around us, but tliey only take root in minds 
ivell prepared to receive tliem ” 

In tlie course of human living no one can tell ivhat new 
circumstances may arise, nor can one predict tlie moment of 
tlieir arrival Tomorroiv opportunities may appear die seizure 
of -which or the neglect of which may have long-lasting and fate- 
ful consequences There is a tide in die affairs of all of us, 
whether investigators or pot, which “taken at its flood leads on 
to fortune,” and not taken, may lead on to failure or misfor- 
tune In other words, the unexpected is frequendy happening 
in our ordinary lives, much as it happens in die realm of ex- 
ploration and scientific research Chance throws peculiar con- 
ditions in our way and, if we have intelligent and acute vision, 
we see their importance and use the opportunity chance pro- 
vides 

If we are to benefit by opportunities for securing fresh in- 
sight and for enlarging our experiences in untried directions 
we must be ivell equipped with knowledge of the past Only 
when we know -what has been done by earlier contributors can 
we ]udge the present scene We can then bring to bear, in un- 
anticipated circumstances, the memories of bygone events A 
historical reference in a speech or in literature or a name in a 
poem IS enriched with a wider fringe of meaning if we qmbel- 
lish It widi associaaons from our own store of knowledge “In 
Xanadu did Kubla IChan a stately pleasure-dome decree” are 
words which do not demand information in order to appreaate 
their musical beauty, but if we know tlie story of Kubla KJian 
as die poet knew it and are acquainted with Oriental magnifi- 
cence, die -words have an extensive and peculiar significance 
Furdiermore, ivhen the mind has been abundantly prepared, 
there is ahvays die favorable possibility of continuing ennch- 
ment as -we grow older We bring to the reading of literature 
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vised that will promote good health and efEective medical care? 

’ How can we be freed from the distress caused by great oscilla- 
tions between financial booms and depressions? What can be 
done to reduce crime and the number of criminals, to stabilize 
family life, and to avoid or rectify numerous otlier maladjust- 
ments? Discoveries tliat will yield deeper insight into modes of 
resolving these urgent, difficult and apparently baffling social 
problems are likely to be made by minds characterized by learn- 
ing and by liberality, ready to take prompt advantage of for- 
tunate events rvhich, amid extremely complex situations, are 
sure to appear Quite unforeseen possibilities rviU unexpectedly 
spring forth, chances of serendipity which the sagacious can 
utilize 
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The richness of university life flows from such noble memories 
as that ivhich inspired the companions of Maxwell in Cam- 
bridge, as they recalled, in him, “the eager thirst for trutli, die 
subtle diought, tlie perfect temper, tlie unfailing reverence, die 
singular absence of any faint of the breath of worldhness in any 
of Its thousand forms ” 

One advantage presented to the investigator by the combi- 
nation of research and teaching arises from the duty imposed 
upon him, as a teacher, of reviewing annually much or all of 
the field he cultivates During the year, progress has been made 
through both his own investigations and those of other saen- 
tists The facts he is expounding, therefore, have fresh relations 
to the neiv developments, and these relations may not be per- 
ceived until die former knowledge is again reconsidered I have 
had the experience, and I imagine other investigators likewise 
have had it, of a new idea flashing suddenly into consciousness 
in the midst of a lecture, an idea which might not have ansen 
if I had not just been engaged in a general survey of my sub- 
ject 

Another advantage of associating teaching with research is 
the mutually helpful relationship betv'^een the teacher and in- 
vestigator on the one hand, and admirably trained young men 
on die odier These students usually approach the subject with 
a quite fresh point of view If they are properly stimulated to 
thinking about what they learn, they will suggest problems or 
ask questions involving problems that are often of interest and 
importance I recall die query of a student who asked me 
whether the long column of blood reaching from the head to 
the toes does not require an adjusted increasing degree of mus- 
cular contraction in the walls of the arteries as the position 
changes from horizontal to vertical and the weight of the col- 
umn, therefore, gradually increases toward the lower portions 
of the body I do not yet know the answer to that interesting 
question In my experience rarely did a year pass without my 
receiving from students, in conferences or in conversation, valu- 
able suggestions for furdier study 
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blood cells and thereby differentiating various kinds of blood 
diseases And Paul Langerhans, who discovered the island cells 
which produce insulin, began his study of tlie pancreas when 
he was still a student In the Harvard Laboratory of Physiology 
as well as in other laboratories and in otlier medical schools 
able undergraduates have been given their primary insight into 
the ways of discovery In two schools with which I am espe- 
cially acquainted the students report each year at a public gath- 
ering the results of their investigations For example, tlie value 
of blood plasma as an emergency treatment for severe hemor- 
rhage was first demonstrated by two medical students Young 
persons who undertake onginal studies along witli their regular 
medical work are not likely to be satisfied with an appeal to 
authority, tliey have had insight into the conditions of discov- 
ery and have established a basis for understanding the progress 
of science and the inevitable changes it involves 

Contact with the original records of classic research is stimu- 
lating to a young person with scholarly aptitudes Who can 
read William Harvey’s ingenuous account of his difficulties m 
understanding the shutting and opening of the chambers of 
die heart— “motions occurring, as it seemed, variously and con- 
fusedly together,” accomplished in many animals “in the twin- 
kling of an eye, coming and going like a flash of lightning,” so 
diat he was almost tempted to think the motions were “only 
to be comprehended by God”— who can read diat testimony 
without realizing vividly die pioneer’s early mystified impres- 
sion as he encounters something new, difficult and strange? The 
student resorting to firsthand reports not only learns about die 
background for the specific inquiry but also about the methods 
used, die results obtained, the precautions taken to avoid error, 
the conclusions draivn from the observed facts And perhaps he 
may be stirred by the thrill of the discovery itself The reading 
of a considerable number of related papers ivill reveal the gaps 
in ivhat IS knoivn and the differences of testimony that must 
someumes be confronted Thus the student may perceive op- 
portunities for furdier experimentation which would yield val- 
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uable ne^v knowledge Thus also he learns tliat his textbook is 
a selection of facts tliat the author has regarded as important 
and IS not die ivhole story and, further, that die summary set 
forth in a textbook may neglect or smoodi out discrepancies 

Students of a scientific subject should be impressed with die 
importance of referring to demonstrable facts radier than to 
printed declarations I hope diat diose ivlio have been under 
my instruction have become so accustomed to die query, “What 
IS the evidence?” that they have not forgotten it and never ivill 
forget It Reliance on a textbook inclines a student to refer to 
the book for justification instead of citing die facts diat lie back 
of his statement Only by due regard to die facts does he be- 
come independent of the audior of die book Furthermore, it 
IS important to learn to discriminate between facts ivhicli have 
been observed and inferences ivliich are draivn from diem 
Much of die confusion in ordinary thinking and, indeed, a com- 
mon reason for disputes spring from the failure to recognize 
this consequential distinction Considerate men may find diat 
they agree regarding the facts and dien may decide to disagree 
regarding interpretations 

For medical students especially, die idea that knowledge of 
phenomena is not fixed and static but continuously growing 
must be repeatedly stressed Perhaps diere is no realm of scien- 
tific enterprise in which progress is being more rapidly made 
than in medicine Students should learn, dierefore, diat the 
routine curriculum of a medical school provides only the be- 
ginning of their education If they are to be useful efficient 
physicians they must be always alert to learn and apply the dis- 
coveries which are constantly being made and which may be of 
the utmost importance for their patients 

As a rule students of medicine are so deeply impressed by the 
senousness of their professional preparation and by the rigor- 
ous demands made upon them that they work continuously 
and conscientiously Once in a while, however— and I am sure 
other teachers will agree— there are students who neglect atten- 
tion to their otudies until shordy before examinations and then 
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begin to work furiously and ply their teachers and their class- 
mates witli all manner of questions I have called such students 
“long-distance putters ” This designation was suggested to me 
by the story of the complacent golfer who teed his ball, looked 
away to tlie next green, and declared confidently, “That’s good 
for one long drive and a putt ” He swung his driver, tore up 
a stretch of sod, and managed to move the ball a few feet off 
the tee The caddy then stepped forward, handed him the put- 
ter, and suggested, “Now for a hell of a putt ” 

For many decades I taught large classes As die years passed, 
I found that my gratifying ability to recognize and name former 
students on meeting them gradually deteriorated The recall- 
ing of names became especially difficult The disability has mul- 
tiple causes— accumulating numbers of graduates, lessening at- 
tention to die individuals of a class as outside duties mount, 
and probably a diminishing plasticity of the brain as age ad- 
vances One way of escaping the distress experienced when an 
eager former student approaches and his name does not 
prompdy flash into memory was demonstrated to me by the 
late Gideon Wells of the University of Chicago At a meet- 
ing of the American Medical Association we were walking to- 
gether along a street in Minneapolis when a bright, enthusiastic 
young extrovert came toward us rapidly with outstretched 
hand, exclaiming, “I do not suppose you remember me. Dr 
Wells, but I was one of your students!” “I remember your face 
perfecdy,” Wells affably replied, “but I do not remember the 
names of men unless they have to take die course twice!” The 
student appeared to be pleasantly satisfied widi his encounter 
Years of experience have built up within me the conviction 
that education can be acqmred only by earnest effort on the 
part of students This conviction implies diat experience widi 
laboratory experiments and conferences between the teacher 
and small groups of students in which diere is free and infor- 
mal discussion, instead of a one-way quiz, are much to be pre- 
ferred to an elaborate and prolonged series of lectures When 
I was a medical student in the late nineties it was customary 
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are taught not only the facts necessary for understanding the 
phenomena of bodily disorders, they are also taught Avhat to do, 
1 e , they are taught wisdom The question arises whetlier our 
educational system is not, in general, too largely concerned 
with imparting facts and too little witli teaching how to act 
usefully in our intricate civilization Does not the young grad- 
uate go forth to take his place in society with quite inadequate 
training for his functions and duties in his community? Pos- 
sibly tlie case metliod could be employed systemaucally and 
profitably to teach commendable behavior to young citizens 

A great fault in the organization of the American university 
has been tlie use of productive scholars for administrative ser- 
vices As bearing on this fault, one of my experiences may be 
instructive I was asked to accept die deanship in a western 
university medical school When I protested to die president of 
the university diat 1 was deeply interested in research, he de- 
clared with much enthusiasm, “That’s just why we want you 
You can go on ■with your researches and die deanship will take 
care of itself ’’ Unwilling to accept the president’s testimony re- 
garding the ease of serving as dean, I went to tivo of my friends, 
both productive scholars, who had recently been impressed into 
deanships I conversed with them separately, their responses 
were almost identical When I asked about die possibility of 
continuing scholarly work while holding an executive position, 
each one threw up his hands and declared that it was well-nigh 
impossible They explained that important questions repeat- 
edly and frequendy arise which have to be decided "Widi due 
care for the consequences Time has to be given to imagimng 
what die consequences would be if die decision lay in one di- 
rection and what diey would be if it lay in other directions 
Unless diese questions are thoughtfully considered, there is a 
guilty sense of not having properly performed the duties of die 
office And "what can one do for productive scholarship in such 
circumstances? Or if one pays attention to productive scholar- 
ship what sort of dean must one be? The conflict between 



PASSING ON THE TORCH 


87 

scliolarly activity and administrative duties need not arise if 
persons ivho are not productive investigators are selected for 
administrative Avork , 

Time, as I have emphasized elseivhere, is an essential re- 
quirement for effective research An investigator may be given 
a palace to live in, a perfect laboratory to work in, he may be 
surrounded by all the conveniences money can provide, but if 
his time IS taken from him he ivill remain sterile On the other 
hand, as die history of science abundantly shows, an investi- 
gator may be poverty-stricken, he may be ill-clodied, he may 
live in a garret and have only meager appliances for his use, 
but given time he can be productive 

Since die investigator is ordinarily a subordinate in an ad- 
ministrauve organization he may have to confer widi admin- 
istrative superiors on matters which may have important conse- 
quences for him and his i\'ork Commonly tlie conferences are 
oral and unrecorded Unless care is evercised, misunderstand- 
ings may arise In order to avoid possible later difficulties due 
to differences of remembrance of events occurring in a confer- 
ence, It has been my practice immediately aftenvard to ivnte 
dovm my understanding of what was said and to send it to the 
officer concerned, -widi die request that he read it carefully and 
return it i\udi his modifications or with a statement diat it is a 
true report. Thus what "was discussed is put down in black and 
■white in the form of a record to which bodi parties have agreed 
I cannot end diis chapter widiout testifying to die deep pleas- 
ure that the teacher enjoys year after year as he sees die influ- 
ence of his instruction awakening young persons to interest in 
and devotion to die subject which he teaches It is as if he were 
privileged to take to a high eminence a group of eager and 
earnest companions and to reveal to them in dieir fresh en- 
thusiasm the wonders of the scene before diem The enthusi- 
asm then oscillates between the teacher and his followers, each 
one stimulating the other 



CHAPTER VIII 


FELLOWSHIP IN EXPLORATION 


One of the satisfactions the scientific investigator enjoys is 
learning about other investigators in his oivn and in foreign 
lands who are working on problems linked to those with which 
he himself is concerned Thus at various times in my experi- 
ence I have had collaborators in different parts of the United 
States, in England, France, South America, AJgiers, and Japan 
This IS, admittedly, remote collaboration, but since there is in 
scientific effort little regard for national boundaries and since 
there is free interchange of reports of progress through letters 
and the reprints of published articles, the relations are those of 
men working together The happy result is a wealth of ac- 
quaintance that may be world-wide Though this acquaintance 
may not for many years become personal, yet if a meeting does 
take place, it is all the more pleasurable because of the back- ' 
ground of fellowship established by sharing ideas 

Besides the bonds which develop between an investigator and 
his contemporaries, there are the connections with those who 
have labored before him in scientific effort As he engages in 
lesearch he learns of earlier pioneers who have advanced to 
positions from which he is starting He may regard himself, 
therefore, as collaborating widi workers in the past as well as 
with workers of today When he looks back to his predecessors 
he may quite reasonably come to feel that he belongs to an ex- 
tensive family of related members, related not by blood but by 
intimacy of scientific interests This concept is illustrated by the 
heritage transmitted from a leader to his disciples For example, 
in this sense I am a son of Bowditch, who led me into physio- 
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somewhat horrified by tlie American lack of formality m aca- 
demic relations, he had become convinced that it ivas an im- 
provement on tliat to ivlnch he had been accustomed Furtlier- 
more, he had entered tlie United States despising the ivays of 
democracy, but he was leaving with tlie belief that it was tlie 
best way of life 

In receiving a young investigator as a member of the research 
group one does well to learn first his personal interest If it can 
be attached to a general program already underway, tivo ad- 
vantages result he works eagerly from the start because he is 
satisfying his oivn curiosity, and the program of tlie laboratory 
is at the same time being advanced If the interest of the appli- 
cant IS not at all relevant to researches in progress or to previ- 
ous experiences of members of the staff, and if he cannot be 
dissuaded from proceeding as he has planned, he should be 
advised to go to another laboratory ivhere work appropnate to 
his project is going fonvard This may seem both a neglect of 
opportunity and a harsh judgment It is based, hoivever, on 
experience ivliich has shown tliat as a rule it results in advan- 
tage to all concerned For tlie newcomer especially it is peru- 
nent If he remains, with his incongruous technique and ideas, 
he finds himself associated witli a staff too busy witli their oivn 
researches and academic duties to learn his ways, consequently 
he has no one to help him when he runs into difficulties or to 
criticize intelligently eitlier his metliods or his results If he 
decides to fit his efforts into tlie general laboratory strategy he 
can be assured diat as soon as he is ivell started in any investiga- 
tion he will almost certainly become fascinated by its enticing 
possibilities 

For young men entering a laboratory to be trained in re- 
search, tliere is definite advantage in a staff including not only 
tlie head of tlie department but also otheis who are experts and 
who can tliemselves direct the discipline of beginners If diese 
experienced associate members of die staff have interests differ- 
ent from diose of die department head, multiple opportunities 
are offered for satisfying personal inclinations and diverse in- 
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quiries In addition, diere is obvious advantage to the young 
men in broadening and enriching tlieir knowledge of die 
methods and of die progress in various endeavors, for frequent 
conversations and conferences assure a helpful sharing of in- 
formation about ivhat is being done 

In general, physiological research has been conducted in two 
different directions one, toivard analysis of the functions of 
isolated organs and tissues in search of a physical or cliemical 
or physico-chemical explanation of the processes they display, 
the odier, toward a synthesis of die functioning of organs and 
systems of organs as diey co-operate in die behavior of the or- 
ganism as a ivhole The British physiologist, J S Haldane, 
Avrote radier scornfully of die former method as a mere study 
of die “scraps and fragments” of die body, ignoring die marvels 
of bodily organization It should be recognized, however, that 
Ave should knoAV little of the Avorkings of die heart, for example, ' 
and the peculiar features of cardiac muscle, if the heart had 
not been investigated in isolation In many respects learning 
about processes in separated parts of die organism Avas necessary 
first in order that die integrated actions of die body as a umfied 
congeries of systems could be understood 

I Avas fortunate in having as associates Alexander Forbes and 
HalloAvell DaAus, highly expert investigators often concerned 
Avuth analytical mediods, Avhereas my attention Avas directed 
mainly toAvard synthetic or mtegrauve physiology, the responses 
of the total organism The variety of our endeavors in solving 
physiological problems Avas an additional advantage to our 
young collaborators because it gave them direct demonstration 
of the virtues of the tAvo research methods 

It may be pertinent at this point to call attention to the dif- 
ferent Avays in which investigators select the problems they at- 
tempt to solve There are some who flit from one subject to 
another as fresh excitements develop from promising discover- 
ies in other places This may be called folloAvmg the fashions m 
science Other investigators march onAvard step by step, as 
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observations they have made sdggest to them other observations 
that should be made My experience exemplifies chiefly the 
latter type of investigative habit Early observations on mechan- 
ical activities of tlie alimentary tract revealed its remarkable 
sensitiveness to emotional excitement Stoppage of tliese activi- 
ties in times of excitement led to studies of other bodily 
changes which are associated with strong emotions and ivhich 
are induced by impulses delivered by nerves of the sympathetic 
system Continuance of the bodily changes for some time after 
the occasion for the emotional disturbance had disappeared led 
to an interest in control of the central portion, the medulla, of 
the adrenal glands It secretes adrenaline, a substance which, 
as the reader will recall, can produce the identical effects that 
are brought about by sympathetic impulses When I removed 
the sympathetic system surgically, the animals deprived of it 
were unable to maintain their usual resistance to disturbances 
of the stability of the internal conditions of the body, from 
these results emerged the concept that the sympathetic system 
acts to maintain stable states in the orgamsm, to preserve 
homeostasis Also when the system was removed, a chemical 
substance given off at the ends of sympathetic nerves disap- 
peared, this result opened another field of study concerned 
with the diemical intermediary between nerves and the organs 
they affect. The only intrusion into this senes of sequential 
groups of researches ivas a study of wound shock, for which, as 
World War I demonstrated, there was urgent need While an 
investigator is progressing from one group of interests to an- 
other in such a sequence he gradually gains greater abihty to 
satisfy the desires of persons who come to work widi hirtl, 
should they select studies in any of the fields where he himself 
has labored 

No more important aid can be rendered to a novice in re- 
search tlian to give him such instruction and supervision as will 
start him, from his first efforts, toward habits of good work- 
manship Holding him to high standards at the beginning 
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makes much easier for him the technical aspects of his later 
activities and also much easier for otliers die judgment of ivhat 
he has really done A general rule which I have insisted on and 
tvhich, I am pleased to remark, has received much approval 
from my assoaates ivhen diey have learned its value is that 
ever}' graphic record of an experiment shall be so perfect that 
It IS fit for publication When ideal performance is demanded 
in a company of "workers the desire to accomplish it becomes 
a motive for competitive striving 

The treatment of his collaborators by the head of a labora- 
tory may be put to a real test when the time arrives for publish- 
ing papers Methods which have proved satisfactory in my ex- 
perience dirough several decades are as follows If I have 
merely suggested die problem to be investigated, indicated the 
pertinent hterature, demonstrated the method to be employed, 
and from time to time have supenused die "work, I have not 
allowed my oim name to appear on die published paper as a 
joint author Although the beginner "who has carried on re- 
search in diese circumstances has usually thanked me graaously 
at die end of his report, diat acknoivledgment has never been 
requested When I have parucipated in the experimental pro- 
cedures, my name has appeared as one of die authors If I have 
done a major part of die work my name has been placed first, 
but if my role has been secondary it has not had that prominent 
position 

The head of a laboratory performs a valuable senace in 
applying to die imtten reports prepared by his disciples the 
larger experience in scientific exposition which his years have 
given him Novices learn much from seeing the errors they 
have committed and the corrections that have been made 
Prominent among the corrections commonly required in pa- 
pers of novitiates is the eliminauon of certain words carelessly 
used In a biological system all die elements of which cannot 
be knoivn, the words “must,” “absolutely,” “doubdess,” and 
“invariably” should be used not at all or with extreme caution 
As I explain elsewhere, the tide of a paper should be so precise 
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and detailed as to indicate clearly its content If this is not done, 
an important observation may be hidden away and overlooked 
by persons who later engage in research in the field Another 
suggestion I have offered to my collaborators is that, in the 
summary at the end of an article, tlie author refer to the illus- 
trations that make clear the points there stated Thus the 
reader has not only a r6sum^ of the contents but an immedi- 
ate designation of the figures confirming the individual state- 
ments 

As already noted, an investigation, if successful, commonly 
reveals not only the facts sought but also otlier facts which 
suggest new directions of work Scope for scientific inquiry, 
therefore, is interminable The new disclosures often present a 
puzzling situation which the young investigator may have diffi- 
culty in meeting Where shall he stop? When shall he regard 
his investigation as complete? There are instances of men ex- 
perienced in research who go on and on conducting their 
investigations without reporting them, because the new dis- 
closures seem so importantly related to the onginal purpose 
that they cannot bring tliemselves to the point of publishing 
Since no research can be final, every publication is a progress 
report One does well to keep in mind the initial aim in the in- 
vestigation If positive results have been obtained substantiat- 
ing the originating idea, it is wise to record them in a well- 
recognized periodical and to withhold the description of fresh 
insights until new evidence concerning their significance has 
been secured 

There is a difference of practice among scientific men ivith 
regard to publishing speculations suggested by their results 
Nothing IS easier than to let one’s imagination spin fancies on 
the basis of slight evidence Fancies may or may not later prove 
true As a rule it has seemed to me wser to advise beginners to 
confine their report to tlie facts which have been obtained m 
the course of investigation and to withhold intimated possi- 
bilities derived from these facts until there has been further 
study 
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The leader of a group engaged in research should always be 
generous m die care and treatment of those tvith ■whom he is 
working This is an attitude they dioroughly appreciate and 
ahrays remember \Varren P Lombard, long professor of physi- 
olog)' at die University of Michigan, has told an illuminating 
story of his experience in Ludwig’s laboratory to ivhich, when 
a )oung man, he went for training. He told the professor diat 
he was interested in fatigue but knew nothing about how to 
study It Ludirig dien defined a concrete problem for him, 
assembled die apparatus, and set him at work When he en- 
countered difficulties die old teacher helped him. At the end 
Dr Lombard wrote an account of die methods he had used 
and die results he had obtained and submitted it to the pro- 
fessor preliminary to publication In a short time the paper 
was returned almost entirely reimtten, ividi only Lombard’s 
name at the top of it He took die paper to Ludwig and pro- 
tested “You have set the problem for me,’’ he said, “you have 
shoi\Ti me how to use die apparatus and solve my troubles, you 
have reimtten die paper, and your name should appear here 
widi mine ’’ “No," Professor Ludwig replied “You have done 
the work and you should have die credit But,’’ he added, “if 
you never do anydiing more, people will dunk that I did itl” 
The leader of a research group should not be credited with 
all die discoveries that emerge from die group’s activity Young 
collaborators, disciplined in the basic and commonly in the 
medical sciences, bring to die problems in ■which they are en- 
gaged neiv ideas and suggestions occurring to them as diey 
progress in dieir researcli Furdiermore, the trudi of a principle 
which Josiah Royce, die philosopher, once enunciated is often 
exemplified He stated in somewhat ponderous terms that one 
can always count on “the fecundity of aggregation ’’ Precisely 
because men are gathered together and talk freely about their 
problems, fresh dioughts emerge and are elaborated In any 
active laboratory where there is a generous spirit these inci- 
dental favors are recognized as part of die common endeavor 
to advance knowledge In popular judgment, however, the 
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head of tlie laboratory is all too frequently praised as the source 
of all the ideas to which not only he but his collaborators as 
•well have applied their skill and intelligence 

There is one final service a leader in research can perform 
for his disciples When tliey take up responsibilities in dieir 
o'WTi laboratories they may be lacking the books, die periodicals, 
and the apparatus necessary to go on in extensions of their re- 
search training and ideas One of die tragedies of an intel- 
lectual life IS to be possessed by eagerness for trying ventures 
to'ward discovery and be thivarted by deardi of facdities for 
doing just diat Often it is possible to send reprints and books, 
and to use one’s knowledge of the situation to secure from the 
admimstrators of funds, -who desire to make good investments, 
grants— even small grants— which provide die finanaal aid 
needed by a young investigator Such aid allo'^s's him to satisfy 
his scientific curiosity in strmng for '^vorth-■^vhlle results and 
incidentally does much, at a critical period, to preserve his 
morale 

My direct collaborators, who in the course of traimng have 
acquired technical skill of high order, ivho have met and over- 
come the obstacles which fresh exploration almost surely pre- 
sents, who have extended the ideas diey have "worked upon and 
have proved themselves able to engage independendy in ex- 
tending knowledge have been for me a source of deep satisfac- 
tion A partial measure of the influence diat has affected them 
IS their persistence in research as they have gone to dieir oim 
responsibilities To look away and see disciples pushing onward 
in neiv directions and in turn imtiating tlieir young collabo- 
rators into scholarly careers is indeed a rich reward 
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the erroneous report can be so expressed as to cause deep hurt 
Any aspersions, any slurs cast upon tire skill or ability or the 
personal uprightness of the man whose work is being corrected 
are sure to stir resentment And the use of a position of au- 
thority to impress a censorious judgment is highly reprehen- 
sible 

Some of the unfortunate features of a polemic were illus- 
trated m the criticism of Oliver Wendell Holmes, long profes- 
sor of anatomy and physiology in the Harvard Medical School, 
by Meigs, a Philadelphia obstetrician Holmes early in his 
career had presented evidence that child-bed fever “is so far 
contagious as to be frequently earned from patient to patient 
by physicians and nurses ” Meigs contemptuously commented 
on the foohsh suggestion of “some scribblers” and declared tliat 
he was not disturbed by the opinion of “very young gentle- 
men”, further he appealed to prejudice in suggesting diat his 
readers “disregard the jejune and fizzenless terms of sophomore 
wnters who thunder forth denunciations and would mark, if 
they might, with a black and ineffaceable spot, tire hard-won 
reputation of every physician who, in die province of God, is 
called upon to contend with the rage of one of the most de- 
structive of epidemics ” Instead of looking at die evidence 
direcdy and weighing it judicially, Meigs declared that he pre- 
ferred to attribute cases of child-bed fever “to accident or Provi- 
dence, of ivhicli I can form a conception, rather dian to a con- 
tagion, of which I cannot form any clear idea ” 

In commenting on Meigs, Holmes declared that there ivas 
no epithet in die vocabulary of slight and sarcasm ivliich could 
reach his own sensibilities in such a controversy and diat a 
disrespectful phrase need be noticed only when it “may turn 
the student aside from the examination of evidence by dis- 
crediting or disturbing the witness ” Wliedier it will have diat 
effect will depend in part on the quality of die rvutness Evi- 
dendy Holmes was not much depressed by the derogatory com- 
ments drat Meigs published On the other hand Semmelweis, 
who almost simultaneously with Holmes produced proof of the 
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A fund whim would permit men, who in dieir scientific 
studies obti^n^screpant results, to work together in one or 
:^'Ae‘ otlmrVlaboratory until reasons for the discrepancies are 
learned would provide an immense improvement on the pres- 
ent method of shooting scientific papers at one another And 
there might appear unpredictable values resulting from the 
co-operation of earnest men with ideas, skill, and knowledge 
of techmque because somediing new might arise from the con- 
tacts 

The baneful features of controversy develop chiefly, I be- 
heve, from die use of language which expresses emotional atu- 
tudes rather than intellectual considerations If differences 
between investigators are discussed stncdy on the intellectual 
level diere is no reason for the development of a sense of in- 
jury, no reason for later enmity Properly conducted, a polemic 
may leave both the original investigator and his critic with the 
conviction that they have been concerned only with the ad- 
vancement of science The desire for conquest, the impulse to 
engage in triumphal exaltation is absent Also the emphasis on 
observed facts may lead to further work of a more refined 
character, and thus to new and unanticipated discoveries 

During my long experience in physiological research I have 
had my share of controversy For about a decade there was a 
sharp difference of testimony between die group working at the 
Harvard Physiological Laboratory, on the one side, and two 
physiologists of Cleveland, Ohio, m the opposition Some of 
the general considerations just reviewed are illustrated by the 
differences which were the subject of that protracted conflict 
and by the manner in which it was conducted. 

The Harvard group sustained the view that secretion into 
the blood stream from the medulla of the adrenal glands is 
much increased whenever diere is widespread activity of die 
sympathetic division of the involuntary or the autonomic nerv- 
ous system— for example, in conditions of asphyxia, pain, and 
great emotional excitement Our critics, on the odier hand, 
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contended tliat the secretion from the adrenals is constant and 
unvaq'ing and tliey found fault with the methods employed in 
tlie Hanmd Laboratory. It is noteirordiy tliat they had con- 
finned earlier evidence of increased discharge of adrenaline 
ivhen s)Tmpatlietic nen^es are stimulated clechtcally, and they 
recognized tliat in asphyxia, pain, and excitement these nen'es 
are stimulated physiologically Never tliel css, tliey declared tliat 
tlieir metliod of study, ivliich tliey regarded as reliable because 
It iras quanutative, proved that asph^'xia, pain, and excitement 
do not inaease die constant adrenaline output 

One hears relatively little of diis conflict noiv Through the 
decades and from many quarters of die ivoild, investigators 
have confiimed die evidence and conclusions reported by die 
Hansard group In spite of confirmations, hoivever, for years 
an impression persisted diat because conditional control of 
adrenal secretion ivas once in question it continued to be in 
question This is an incidental point It bears, hoivever, on die 
effect of controversy on die development of science 
The cnacism of die original method used by die Haiward 
group in demonstrating increased adrenal secretion ivas met by 
shelving diat die method ivas reliable, though rough To con- 
firm die earlier results ive devised a neiv mediod -which was 


mucli more precise— use of die denen'ated heart The heart, 
deprived of all connections widi die central neiwous system, is 
then functionally connected widi die rest of die body only 
dirough die blood vessels and die blood stream The organ is 
remarkably free from any influences of a physical nature but 
is exquisitely sensitive to circulating adrenaline, beating faster 
when adrenaline is increased by as htde as one part m 
1,400,000,000 parts of blood The contriving of die denervated 
heart was one of die valuable results of die controversy, for 
later it proved to be highly useful in revealing important proc- 
esses in die bodily economy 

Controversy, however, may have harmful consequences One 


of these may be neglect of unfavorable evidence By use of the 

denervated heart Carrasco-Formiguera and^J::^£p5d3uce3::;ithe 
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conditions under -which our critics had confirmed the testimony 
that sympathetic nerves, -when electrically stimulated, augment 
adrenal secretion Instead of exciting these nerves electncally, 
ho-\vever, rve used tlie natural stimulation, rvhich results from 
asphyxia and ivhich our critics declared had no influence on 
the adrenals Our results -were positive— the heart beat more 
rapidly Obviously tlie logic of the dilemma thus presented 
required eitlier acceptance of the observations of asphyxial m- 
crease of the secretion or repudiation of the observations that 
the output of adrenaline is under sympathetic government 
That dilemma the Cleveland group did not recogmze It is a 
good instance of neglect of adverse evidence 

Again, Satah^ and his collaborators at Sendai, Japan, who for 
many years employed the method used by the Cleveland physi- 
ologists, confirmed the observations made by the Harvard 
group They reported that the greater amounts of adrenaline 
discharged from the adrenals in different circumstances were 
closely equivalent to the amounts we had quantified in the 
same circumstances by using the denervated heart 

In the tangle of conflicting claims, hotvever, truth and error 
are likely to be confused For example, in a volume entitled 
The Adrenals published in 1936, the output of adrenaline as 
estimated by use of the denervated heart was compared -^vith 
tlie output as estimated by the Satak6 school Our figures were 
said to be fifty times as great as those given by the Japanese 
As remarked above, there was in fact close agreement between 
the results obtamed by us and those obtamed by the Sendai 
workers, when the experimental circumstances were tlie same, 
e g , when stimulation of a sensory nerve causes reflex secretion 
Obviously the author could not have been referring to a com- 
parison of the adrenal secretion that results from stimulating a 
sensory nerve because in that respect there was good agreement 
in the two laboratories He was, in fact, but without explana- 
tion, contrasting figures obtained under quite different condi- 
tions The Japanese had devised a method which allowed tap- 
ping die adrenal veins of an animal lying perfectly quiet, i\ath- 
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out nnc'itlic'^n In ihcsc niruinsinnrcs ihcy fomul Jhai the <hs- 
chaitjc of idicnahnc fioin both pl.tnds \\as infiniicsinial— o 07 
of a ihoiicandili of a nnllit;i.im (1) jun kiloqrain of body nciglit 
per minute A\lnt we had found when a vrtnoiT nrwr w'as 
stimulated wa<;, to be sure about fift) tunes this cvticmel) small 
onipnt Tile fmlis <oinpanson of the amounts of adicnabne 
secreted in quite dnerse ciinunstam es ina) considerately be 
cvensed in \iew of the Iona and iinohed (onihci of tcsiunony 

Contunersv is Inrmfiil not onl) when it results in beglcct of 
unfavonble exideiicc confusion, and misjudqnient, it may 
cause a ceiiain blindness to the significance of f.icts winch arc 
quite CMdent and whicli unite fuitlier stud) It is as if a con- 
testant pud amntion onK to those fcatiues of c\pciicncc 
which at the inoineiit. nne a polemical purpose 

\Vc had noted that, after exehision of actnit) of the adrenals, 
senson stimulation cmscd a slight inn ease of the rate of the 
denenated heart, Oiii critics howe\ei obsened in the same 
conditions that there imghi be a \ei') considerable increase 
This, the) declaied. w.is oinioiisl) due to increase of blood 
pressure Man^ )cars prc\iousl\ a miinber of plqsiologists Iiad 
reported that the isolated heart is not affected by increase of 
blood pressure The fastei mie, therefore, must have been due 
to some Ollier agent ^Ve set to work to leain avhat this other 
agent might be and found that it was a substance given off from 
tlic Incr to the circulating blood This obscnation, made in 
1921, offered die first esidencc for the existence of sywjialhni, 
a subsLance ithicli, as shown by later experiments, comes awxay 
in ilic blood stream from structures stimulated by sympathetic 
ncnc impulses Our critics had had before them the chance of 
being pioneers in opening to expcrimenuation the fascinating 
field of dicmical mediation of ncn'c impulses— a chance of 
wliidi tlicy failed to take advantage 

Thus far I have laid stress on the harm which may result 
from sacntific controvcisy But tlie example just ated indicates 
that such controversy may have value The unexpected utility 
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of the denervated heart is illustrative We devised this heart as 
a result of controversial criticism, in order to obtain additional 
and confirmatory facts regarding conditions which excite adrenal 
secretion It demonstrated that if the adrenal glands are intact 
and are normally supplied with their sympathetic nerves, every 
condition which results in a generalized discharge of sympa- 
thetic impulses causes an accelerated heart beat After discharge 
from the adrenal glands and tlie liver has been abolished by 
severing their nerve supply under surgical anesthesia, the im- 
mediate, quick, large increase of the rate (e g , 70-90 extra beats 
per minute) due to excitement, for example, wholly disappears 
There is, however, a belated and less marked augmentation of 
the rate (about 30 extra beats per minute) which appears and 
reaches a peak about three minutes after momentary excite- 
ment The phenomenon occurred so regularly that it chal- 
lenged explanation Our search for the cause of diis belated 
faster pulse was long and tedious Only after the sympathetic 
system had been completely removed by careful surgery did the 
phenomenon vanish Then we could either study the physiology 
of a new type of organism that had been produced in the "world, 
a well-developed mammal quite deprived of supposedly neces- 
sary sympathetic nerves, or we could try to discover what had 
vanished, 1 e , what makes tlie denervated heart beat faster 
when, in the absence of kno"wn accelerating agents, sympathetic 
impulses are excited 

The first of these alternatives we chose for immediate at- 
tention The general results of researches on animals without 
any sympathetic system was a gradual support of the concept, 
previously noted, that the system acts as the governor of steady 
states in the orgamsm Such animals live for years quite com- 
fortably in the protected and favorably conditioned confines of 
the laboratory, but when they are subjected to stress— to cold, 
heat, reduced oxygen in the air, or reduced blood sugar— they 
show their defects The e"vidence clearly indicated tliat on sym- 
pathetic impulses depend maintenance of uniformity of body 
temperature, preservation of the slightly alkaline reaction of 
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tlic blood, j)roicction agnmsi the clangcis of low blood sugai, 
and othci related futiciions likely to be disturbed by alieia- 
uons in the cinironinent 01 by iiucrnal changes due to muscu- 
lar work. The agenc) made up of the sympathetic system and 
the adreml medulla, woiking conjointlv, is in shoit the means 
for keeping the hiily stable state, 1 c, the homeostasis, of the 
body fluids when that state is in jeopardy 

The second of the alternntne ojiportunities was set aside 
until rcscai'ches on stable states had been well advanced "We 
then turned oui attention to the mysteiious factor which, afiei 
adrenal and hepatic influences had been evcluded, caused the 
belated acceleration of the dencn'ated hcaii and which disaji- 
peared after total lemosal of the sympathetic system In many 
experiments we found th.it stiiniilatmg the sympathetic neivcs 
of any region— not only the Incr but also the smooth muscle 
of the tad 01 of the gastrointcstin.d tract foi cx.unple— scould 
induce the slow h de\ eloping faster heai i beat Shutting off the 
blood flow thiough a region while it was being siimul.ucd de- 
ferred the effect on the heart until the cii dilation was lestored 
Esidently theie was produced in the jnrts subjected to sympa- 
ilietic ncrae impulses a substance whicli, earned in the ciiculat- 
ing blood, was able to make the heart pulsate more rapidly 
Sucli was die method first used in proving the existence of 
syanpatliin A long senes of investigations ensued, these were 
summan7ed in a \olumc written by Aiiiiio Rosenblueth, an 
able young Mexican jihysiologist, and myself and published 
under the title 'lulouonuc Ncuio-Ef]( dor Systems 

Numerous researches have been conducted in this country' 
and abroad based on obsciwaiions of animals from wdiich tiic 
sympathetic system had been removed and numerous other 
researches ha\e been conducted in this country' and abroad on 
die nature and action of sympadiin 'Wliat I wish to emphasi/e 
IS diat die operation of complete sympathectomy and the dis- 
covery of syanpadim w'crc consequences of a polemic The con- 
troversy widi the Cleveland physiologists required, for rebuttal, 
not argument but new facts In order to obtain new' facts the 
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denervated heart was contrived and utilized And when the 
denervated heart showed an altered behavior after removal of 
the adrenal glands, there were revealed unexpected phenomena 
which invited investigation The possibilities up to this stage 
were disclosed equally to both parties in the controversy If we 
had not accepted them on the intellectual level, as facts requir- 
ing explanation, we should not have discovered what we did 

It IS most important, therefore, that a controversy be kept 
clear of narrowness and prejudice and that remarks should be 
excluded which rouse personal grievances (Contentions should 
be restricted sharply to the factual plane I may cite a com- 
mendable example In referring to a controversy with J S 
Haldane about the mode of passage of oxygen through the thin 
walls of the minute air sacs m the depths of the lungs Joseph 
Barcroft wrote 

At times I have heard persons speak as though there was some 
inherent absurdity in Haldane’s theory and as though it were in 
tellectually unworthy of the great man who pinned his confidence 
to It Up to the pomt to which I have brought the reader let me 
convince him that I am quite out of sympathy with such state 
ments It seems to me a very good theory The question in 
my mind, when Haldane’s theory took the form which I have de- 
scribed, was not whether the theory was a good one but whether 
It was really supported by the facts 

In these words Barcroft expressed an admirable spirit and 
attitude toward one who differed with him It was by search 
for new evidence, which resulted in additions to scientific 
knowledge, that Barcroft and his collaborators answered the 
claims of Haldane When differences between investigators 
result in fresh efforts to learn the truth, in refinements of tech- 
mcal processes, in more discriminating experiments, in more 
alert attention to questioned phenomena, in more cautious 
inferences— instead of what Harvey, the father of modem physi- 
ology, called “petty disputation”— I believe that a polemic may 
do more good than harm 
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Not nil invcsiit^nioi's 'isould ngico with 111c Piobnbly many 
^\ould nkc the atmude tint the facts s\dl idtinialcly sjjcak for 
tlitnisohc: that ‘‘tunb is mighty and t\ill jircxail”— and let the 
situation stand and ^^alt haiada), t\hom I legard as an ideal 
man of science, stiongl) dci>ierated controvci'sy lie t\iotc, “I 
ha\e felt m)self not unficquently mismulci stood, often misicp- 
resented. sonKiimcs jnssed h) hut it is only in c.iscs sslicre 

moral tuipitude has been inijilied that I base felt called upon 
to cntci on the subject in lejih *’ W^licn ilieie has been clcai 
failure howcsei, to cinplo) ithable methods and to justify 
conclusions and avhen in consccjnencc erior is slijiping into the 
‘beautiful edifice of scientific tiuth,” a cius.ading spirit seems 
to me ajijiropiiate, cxjircsscd in acts to jirotcet that edifice 
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Here I am concerned with certain beliefs I hold regarding the 
nature of bodily organization and ivith inferences which may 
be drawn from them, also with suggestions which these beliefs 
offer concermng other types of orgamzation, particularly the 
organization of human society 

My first article of belief is based on the observation, almost 
universally confirmed in present knowledge, that what happens 
in our bodies is directed toward a useful end In finding new 
processes, therefore, we are justified in looking further for their 
utility And in the search for utility new discoveries may result 
The view that there are organic adjustments which promote 
bodily welfare, and consequently are useful, involves die con- 
ception that these activities are directed, i e , that the parts 
operate teleologically for the good of the entire group of parts 
that constitute the organism It may be urged that this concep- 
tion IS inconsistent with the idea diat the province of science is 
stricdy description It turns away from “how” to “why” and 
thus may enter the realm of speculation Many scientists hesi- 
tate openly to take that step As the German physiologist, E 
von Bruecke, remarked, “Teleology is a lady without whom no 
biologist can live Yet he is ashamed to show himself "with her 
in pubhc ” 

Since a response in the organism has certain definite conse- 
quences, however, we should frankly regard them as being 
mtegrated with what has immediately preceded them The 
various stages in the response that lead to the consequences 
may then be looked upon as purposive If a crumb lodges m 
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the larynx, for example, nerve impulses pass to the lower brain 
stem and, reflexly, impulses are discharged to abdominal 
muscles so that a cough results and the crumb is expelled The 
sensory and neuromuscular sequences of the reflex action are 
all meaningless unless tlie aim is considered, unless attention is 
paid to the end effect toward which the complicated act is di- 
rected 

What evidence have ive that the teleological concept, 1 e , 
that organs are made to react for the good of the organism as 
a whole, is generally true? Can the concept be helpful and re- 
liable in suggesting physiological experiments? It will be pos- 
sible to illustrate only certain phases of the answer to this 
question, to point out tlieir significance, dieir value, and tlieir 
limitations 

Many years ago I ivas attempting to learn whether there is 
not, as a consequence of chewing and sivallowing agreeable 
food, an increased contraction of the muscles of the stomach, 
a “psychic tone,” favorable to the churning movements of that 
organ, just as tliere is in these circumstances a ’‘psychic secre- 
tion” of gastric juice for promoting the digestive process In- 
stead of finding tliat the gastric muscles are contracted by 
swallowing, we found diat there is a temporary relaxation The 
relaxation is very nicely related to die time required for die 
passage of the sivallowed food along the esophageal tube, as 
the food mass approaches the stomach, intragastric pressure is 
reduced to zero and hence the muscle of the esophagus meets 
no opposition And as soon as it has pushed the food into the 
stomach the gastric muscles contract again and continue, their 
churning function under restored pressure— a pretty illustration 
of internal adjustment for avoidance of muscular antagonism 
It was just the sort of arrangement that a clever mechanic 
would devise Now to the point Thirteen years before our 
observation J N Langley, an English physiologist, had shown 
that electrical stimulation of a vagus nerve (distributed to the 
stomach) produces precisely the change which we had observed 
Its neat significance was not perceived, however, because its 
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useful pertinence to the interaction between the esophagus and 
the stomach was not appreciated 

There is another part of the alimentary tract of lower am- 
mals in which opposition between two muscular actions is pos- 
sible Where the small intestine empties its final contents into 
the large intestine, reversed waves in the muscular walls of the 
large intestine could oppose the entrance of the material Im- 
mediately after discovery of the receptive relaxation of the 
stomach, we took the hint and paid attention to what occurs 
when a mass is being pushed into the large intestine Promptly 
we found that in these circumstances there is a receptive relaxa- 
tion of the large intestine 

Another illustration of the value of'a teleological concept for 
making discoveries appeared early in my investigations on emo- 
tional stoppage of the activities of the ahmentary tract This 
interference with the beneficent services of the digestive func- 
tions did not occur if certain nerves were severed Indeed, at 
the time, the arrest of digestion seemed to me merely a perverse 
interference with an essential process I was ready to advocate 
severance of the nerves which spoiled the necessary means of 
nourishing the body Further study of other effects of emotional 
excitement revealed, however, that it is attended by an increase 
of adrenaline in the circulaang blood and also by an increase 
of blood sugar The greater concentration of sugar in the blood 
raised the questions— why? what is the use? It was known that 
sugar IS the common source of muscular energy Powerful emo- 
tions— for example, fear and rage— are likely to be attended by 
fighting or flight The sugar, set free from storage in the liver, 
would be useful in these possibly supreme efforts 

Why then might not other responses be useful also? That 
query led us to further research which brought forth evidence 
that tlie adrenaline discharged from the adrenal medulla would 
abolish m a few moments the effects of muscular fatigue and 
would greatly accelerate the speed of clotting in blood Further- 
more, injections of adrenaline showed that it had greater con- 
tractile effects on the blood vessels of the abdominal organs 
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of more highly combustible ether and illuminating gas goes 
out when as much as 1 3 per cent of oxygen is present 

Other highly important adaptations, so well knoivn tliat they 
need only be mentioned, are those tliat appear in the presence 
of infection In the body, bacteria and bacterial toxins develop 
and evohe specific reactions which result in neutralizing the 
infective agents and protecting the total organism 

These instances of adaptive interrelations between different 
parts of the body, adaptive arrangements favorable to survival 
in the struggle for existence, and adaptive reactions against in- 
vading bacteria and injurious bacterial poisons, are merely 
samples Innumerable other cases could be cited of the ap- 
propriate devices which organisms, in the course of evolution, 
have developed for economy and protection All this evidence 
seems to me to justify, with reference to each response m the 
body, an inquiry into the wherefore of its appearance and into 
Its utility When experimenting on living animals, therefore, 
I believe that we may reasonably count on the possible useful- 
ness of a response as offering suggestions which could guide 
the inquiry This belief sustained me during the long contro- 
versy over adrenal secretion, I felt sure that the demonstrated 
nervous control of that secretion could not be utterly futile, as 
my opponents contended 

In considering the value of the teleology of bodily reactions 
I have not entertained the idea that tlie process involves intelli- 
gent foresight working toward a predetermined end If a re- 
sponse has survival value in the struggle for existence, natural 
selection might account for its development and preservation 
There are, however, numerous instances of adjustments which, 
diough useful, seem to be without survival value The forma- 
tion of a. callus on the palms when rough tools are handled 
and tlie prompt recovery from a slight bruise are good exam- 
ples Also there are adaptations to circumstances probably 
never experienced before, as in repair of damaged internal 
structures, and in an increase of red corpuscles when there is 
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effective in maintaining the constancy of otlier elements m tlie 
body fluids 

(2) If a state remains steady, it does so because any tendency 
toward change is automatically met by increased effectiveness 
of the factor or factors which resist the change As examples. I 
may cite durst when there is need of water, the discharge of 
adrenaline, which hberates sugar from the liver, ivhen the con- 
centration of sugar in die blood falls below a critical point, and 
the increased breathing which reduces carbonic acid ivhen the 
blood tends to shift toward acidity All these reactions become 
more intense as the disturbance of homeostasis becomes more 
pronounced and they all subside quickly -when the disturbance 
IS relieved It is probable that similar corrective reactions ap- 
pear when other steady states are endangered 

(3) The regulating system which determines homeostasis of 
a particular feature may comprise a number of co-operatmg 
factors brought mto action at the same time or successively 
This statement is well illustrated by arrangements for protec- 
tion against acute fall of body temperature First, loss of heat is 
checked by contraction of suHace blood vessels, and by erection 
of hair and feathers m animals supplied 'witli these conven- 
iences Then more heat is provided by discharge of adrenahne, 
which accelerates combustion, and finally by shivering, ivhich 
is merely automatic, heat-producing, muscular exercise These 
processes may be awakened in senes, one after another Such 
examples mdicate tliat possibly multiple physiological agencies 
may be at work and should be watched for 

(4) When a factor is known that can shift a homeostatic 
state in one direction, it is reasonable to look for automatic 
control of that factor or for a factor or factors which act in the 
opposite direction This postulate is really implied m the 
previous postulates and may be regarded as emphasizing the 
confident behef that homeostasis is not accidental but is a result 
of orgamzed self-government and that search for tlie governing 
agencies 'ivill be rewarded by their discovery 
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nnmntnmtr '^nbiliiN m tlx hitjlils (omplcx atid \ci) tinsinhlc 
maten il ofwliirhom bodusau compoMd mi) line stive 
mipoitUKc in slmwiim \slnt might hi done in the son.il or- 
ganism to assine ns stabihtx. I his ich i ivas elaboi.itcd in an 
address bcfoi I ,the \nuritan \sso( i ition foi the Aelvanrement 
of Sricnrc in iq'p) lltie is not the pl.ii e to <nt(i into details 
Howevn. I mn point out that, (ont spoiiding to the (oirecinc 
factors vhirh some into it tion in otir bodns when a shift fiom 
the stable state is tlneatemd. there is. jii the sot nl bod) when 
e\ecsscs oi failuies tine ate n. a elispl i\ of vlnt pinsiologists call 
‘iK'gatnc nidmtion" 1 ins n i pimnple whidi is illnstnitcd 
m the little girls nnst oiistiiie non of the old adige. *’ rnnn np 
a child in the as a\ he should no *’ Herat rsion as as ‘ Cliain up a 
child and aasaa he asill go * Negative nidiietion is revealed also 
m the longing for dtohobe beaeniges ashen the) aic jiro- 
liibited \ goaeiimicnt aslneh becomes eoiise raatiae and com- 
placent and negligent of craing need for nnpioaements aiouses 
oppositiem of a contnra charuter and is de pined of oflico On 
the other hand, the excesses of a liberal .md piogressive regime 
mduce in the jMipulation the me of an opposing conscra.iinc 
moaement 'I Inis there may be seen the beginnings of homeo- 
static contiol of social conditions It js pertinent to observe that 
these sasings from light te> left and vice versa, as Inch produce 
in societa as m the as ell elea eloped organism a trend toasard a 
middle course are possible onb in a dcmocmtic fonn of gov- 
enimeiital orgaiii/.ation \ totnlit man control of population, 
in aslneh all coiaectne factors are promptl) supjircssed the 
moment thca apjicar, can result, and actu.dl) has resulted, in 
such an extreme shift in one direction that the nation is 
brought into danger of devastating misers' and possible destruc- 
tion 

Another of my beliefs is that scientific study of the nature of 
man and of the factors which determine his conduct as'ill liav'c 
ethical consequences It is the inluiniamty of human beings 
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that spoils the achievements of science To be sure, valiant 
efforts have been made to bamsh inhumanity For thousands of 
generations the church has preached good will among men and 
yet today cruelty and injustice are flagrantly inflicted on large 
populations The efforts of the church have been supported by 
the courts, but even the rigors of legal punishment have not 
proved an effective restraint on criminal actions More recently, 
social agencies and organized public opinion have added their 
efforts Hopefully, a society of nations engaged in agreements 
of nonaggression, but these agreements were impotent in pre- 
venting a global war— the greatest catastrophe the human race 
has yet suffered Such are the morals of mankind 

What can be done to improve human behavior? Here is the 
supreme challenge Can the methods of science be applied? 
They have had magnificent triumphs in giving us insight into 
the mysteries of the physical world and into the government of 
Its forces, can they do likewise in the much more complex 
realm where the forces press which direct the actions of men? 
Is It not possible that the churches and the courts have been 
proceeding widiout adequate understanding of the impulses 
■which determine conduct? Are we aware of all the -^vays in ivhich 
tlie doings of man can be modified? Have we not depended too 
largely on speculative thinking and too little on direct and 
accurate studies of our ideas of human motivation? Pavlov was 
convinced, as he himself ivrote in 1923, that “only science, 
exact science about human nature itself, and the most sincere 
approach to it by the aid of tlie omnipotent scientific method 
will deliver man from the existing darkness, and will purge 
him from his shame in the sphere of mter-human relations '' 
Certain it is tliat tliere exist powerful biological factors -which 
determine our conduct and which theorists have not perhaps 
taken fully into account Only recently have investigators, 
using methods which have proved effective in the past, begun 
to tr)' to understand and to evaluate the strength of some of the 
agencies which are influential in deciding ivhat we are and 
what we do 
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indiratc j->nssibiliiu s of be (online arcpiainitd vsitb jiowtifnl 
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of infiutnting them Tvcii if vst should kirn how to rontiol 
human behavioi. howevn. tluic vsoiild still rein un the piob- 
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rinallv, 1 wish to declare mv belief that phenomena, no mat- 
ter how mvsttiious ihev miwappear to be, have a natural e\- 
planation and will )ield thtir secrets to the persistent, ingeni- 
ous, and cautious efforts of the investigator This faith that 
there IS no imriision of tlie c\tranatural in the course of ob- 
served phenomena is, as a matter of fact, commonly accepted 
m the practical affairs of daily living Shipping companies, 
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business firms, insurance agencies do not as a rule count upon 
any but routine processes for explanation of the success or 
failure of their ventures The late Dr Morton Pnnce once 
offered five thousand dollars to anyone who, during a year, 
would demonstrate to a committee which he selected, any evi- 
dence of supernatural power He asked me to serve, along with 
Theodore Lyman, physicist, S Burt Wolbach, pathologist, 
Harlow Shapley, astronomer, and Harry Houdini, magiaan 
The only commumcaaon we received in the tw^elve months of 
waiting came from the inmate of a hospital for mental disease 
who declared that if we would get him out he could win the 
prize 1 There is an inadequately recognized basis for deep satis- 
faction in being able to count upon the uniformities of natural 
events If some whimsical deus ex machtna could be invoked 
here and there to create incalculable fortuitous appearances 
and disappearances, we should indeed be stunned with be- 
wilderment We should not know what to do 

Occasionally in research very perplexing difficulties are en- 
countered I have previously mentioned the strange accelera- 
tion of the heart during vigorous activity and emotional excite- 
ment, after all cardiac nerves had been severed and all known 
stimulating agents (the adrenal glands and the hver) had been 
excluded from action What could cause the more rapid beat? 
The effective agent must act via the blood stream A long senes 
of systematic expenments was required to rule out the possible 
influences of increased temperature, of the pancreas and other 
abdominal organs, of the thyroid and related glands of internal 
secretion, and of chemical substances which might anse from 
muscular contractions Exclusion of these items singly and m 
to to did not abolish the faster cardiac pulse But we could be 
sure that the effect was not due to magic I It must have an ob- 
servable explanation And persistence finally disclosed the effec- 
tive agent as a substance given off from structures affected by 
impulses from, sympathetic nerves 

Our ancestors thought themselves surrounded by baffling 
mystical forces— good and evil spirits which profoundly affected 
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CHAPTER XI 


WAYS OF GOING ASTRAY 


The title of this chapter might indicate that I planned to 
preach a sermon Certainly I would not advocate going astray, 
nor would I point out the ways of error expecting that they 
would be followed Rather, my intent is, indeed, to tell about 
some of the most common and most dangerous ways, in order 
to warn against them As related to workers in science, the 
warnings have a professional significance But many of the 
errors which the scientist should avoid, all of us should avoid 
as we deal with our fellows The warmngs, therefore, have 
more than a narrowly limited bearing 

First I would caution against the Error of Untested Assump- 
tion In a previous chapter I described the controversy in which 
critics of the Harvard group of investigators observed an in- 
creased rate of the denervated heart when, in the absence of the 
adrenal glands, they stimulated the sympathetic nerves dis- 
tributed to abdominal organs Such stimulation causes a rise of 
blood pressure They assumed that the faster heart rate which 
followed the stimulation was due to that change They did not 
test this assumption, if they had done so, they would have seen 
that within a wide range the denervated heart is indifferent to 
blood-pressure changes Because of this erroneous assumption 
they were led astray 

A second type of mistake may be designated the Error of the 
Incomplete Test At times during the past two centuries cun- 
osity concerning the origin of hfe on earth led to experiments 
to prove the possibility of spontaneous generation The com- 
mon method of experimenting was to place a nutrient fluid in 
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fl.Tik'; ninl, nftti viih|c(nnq the flind (o flifTciciu (ondiiioiis, 10 
note ^^Ilcllul Ininvr ippL »ud 111 Ji Cnliral csamiiia- 
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hern found fioin a eold \\atth to a i<tl };rMnimn! 

\hont tlic inuldh of tin ci”hitcnili re nun ) Ncedliain in- 
femnrel the Isoxal Seme in of I onelon that he had he'nte’d nintlon 
giaw pined it in a hottle whuh he eoiked tlun had Jicatcd 
the hottle .amin and jiiit it aside \i the end eif .1 feu da)s the 
liquid u as suanniiu; u nil innn denies 'I'his looked like .1 clean 
pionf of spoilt ineons ne i nion 1 he Italian ni\esui;;ator Spal- 
1 in/atn u ts not eon\in<<el The hottles nnj^ht not ha\e been 
ln;hil\ eoilrel 01 ihc\ iiiijilit not hue been heated snnieiently 
lonq to elcstreu all Innn: things en the seeds eif In 1111; things 
The liiM possibilnv he clnniiiateel b) selling the necks of the 
glass flasks in ulnrh the niltnie inedinni uas placed The sec- 
ond possibilitN he eMinnuel b\ heating the sealed flasks for dif- 
ferent lengths of tune Ihese te sts ueie eenirlnsne I he flasks 
uhich had been expcueel to heat fen a feu nnnntes rontained 
annn denies those ulneh hid been heateel foi an Iionr did not 
OhMoiisb thcte uere organisms or see els uhirh were able to 
sunne short he ning Inn were desiro)cd uhtn the heating a\as 
prolonged Once ihe\ uere destiojed there uas no spontaneous 
gcneraueni 

\noiher inteicsung example of an incomplete experiment is 
found in the lejiort of the rrtnrh jihjsiologist, I'lourens, rc- 
garchng the elfecL of remn\ il of the ccrebnd hemispheres from 
a jngcon In Tlourens’ ucnels the animal is "coridnwud d ttu 
sovunnl fjrrfirlucl ” Certainl) the deceiebratc pigeon, stand- 
ing mterl) still, unh featliers riiflled, head u'lthdmun, and c}cs 
closed has an appearance winch uonld justif) riourcns’ descrip- 
tion Tins state, howeser, is only icmporar)' If he Iiad contin- 
ued Ins obscn.auons he would have seen the bird later become 
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surpnsingly active, ivalking persistently to and fro in its en- 
closure 

As noted in a previous chapter, failure to continue stimula- 
tion of a muscle through its nerve, after extreme muscular fa- 
tigue appeared, resulted in missing the remarkable phenome- 
non of recovery from the fatigued state to such a degree that 
the muscle, even during activity, regains most of its onginal 
abdity to respond to nerve impulses 

In all foregoing instances significant facts were not detected 
because the experimental procedures or observations ended too 
soon 

The Error of Omitted Control is another and an inexcusable 
scientific misdemeanor A control, in the scientific sense, is a 
standard of comparison used to check an inference drawn from 
an experiment The biologist who was reported to have bap- 
tized one of his identical twins and kept tlie other as a “con- 
trol” illustrates the principle, tliough in the story his basis for 
judging effects was left obscure The Error is well illustrated 
by a rather extreme instance in a report of physiological ex- 
perimentation, published in a highly reputable scientific peri- 
odical The experimental procedure involved perfusion of salt 
solution through the blood vessels of the pancreas A fine glass 
tube, inserted into tlie duct which leads away from that organ, 
showed that the pancreas was not secreting any juice Now in 
another animal the nerves leading to the pancreas were stimu- 
lated and the blood coming away from it was collected dunng 
the stimulation This blood was then used to replace the salt 
solution as a perfusing fluid in the vessels of tlie pancreas of 
the first animal Soon this pancreas began to pour out a fluid 
tlirough Its duct The inference was drawn that in the second 
animal stimulation of the pancreas by nerve impulses had 
evoked a chemical substance which brought the perfused pan- 
creas into action There is httle doubt that this expenment 
could be repeated many times and would always give tlie same 
result That criterion of a “good” expenment, therefore, is 
faulty, for, as long as tlie errors remain constant, their effects 
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will reappear Thus, die mere fact diat a procedure can be re- 
peated may not have any pertinence at all, because of the lack 
of corrective controls At least two checks or controls were lack- 
ing in die experiment just described First, diere was no evi- 
dence diat blood collected from the pancreatic vessels of the 
second animal, ivhen die nen^es were not stimulated, would 
not have had die same effect as die blood collected during the 
stimulauon Second, diere was no evidence that blood taken 
from any odier part of die body would not have had die same 
effect It IS possible diat die cells of die pancreas perfused with 
salt solution ivere affected by die abnormal conditions (eg, by 
lack of oxygen, ivhicli die solution does not carry) and that 
blood from any source, helpful in restoring die natural state of 
the cells, would result in dieir becoming active Still another 
precaution lacking in die experiment was a test of the fluid dis- 
charged dirough the pancreatic duct Even -when it appeared 
after blood ivas used as a perfusate, it might not have been 
proper pancreatic juice, die cells may have been so seriously 
damaged by an inadequate delivery of oxygen to them while 
the salt solution was flowing diat later diey could not function 
properly 

A motto to be reverentially respected by every investigator 
who mtroduces new factors in his experiments and by every 
reader of reports of complex expenmentauon is “cherchez le 
contrSle ” 

Another ivay of going ivnong is through the Error of Faulty 
Techmque A good example of diis type occurred in experi- 
ments in which I co-operated It is pertinent to confess that my 
collaborator and I felt comfortable about our observations be- 
cause of previous studies by T A Storey He had rapidly and 
repeatedly stimulated a muscle by currents derived from a re- 
volving magneto machine and had found that the muscle, in- 
stead of contracting to a umform extent at each stimulation, 
contracted to gradually increasing, then to gradually decreasing, 
extents in a senes ivhich recurred in rhythms or waves with 
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crests and hollows In our experiments, likewise, diere were os- 
cillatory variations in tlie extents of contraction of a muscle 
rhythmically and rapidly actuated by stimuli of uniform 
strength The phenomenon was novel Various conditions af- 
fectmg It were carefully studied and were reported as being 
characteristic of the physiology of muscular performance 
A decade passed during which no one else attempted to re- 
peat what we had done Then the question was raised whether 
these same oscillations in the degree of contraction would occur 
in another type of muscle than that which we had examined m 
the former experiments Apparatus was set up to test the idea, 
and to our astonishment die oscillations did not occur This 
was very puzzling Comparison of the recording devices used 
in the early and in the new expenments revealed one striking 
diJEference In the early expenments the strong cord attached 
to the tendon of the muscle passed over a wheel and doivn to 
the writing lever In the new expenments we attached the cord 
to the top of the vertical side of a rigid, tnangular, metal plate 
which bore die writing lever on its honzontal side, the pivot 
of the lever was at the junction of these two sides, so diat when 
the muscle contracted die writing point was pulled upward 
What could be the possible difference between this arrange- 
ment and that in which the wheel was used? Fortunately, search 
brought out of storage the very w|ieel used in the former ex- 
periments The muscle and the recording lever were set up as 
before, rapid stimulation was applied, and the oscillatory van- 
ations in records promptly reappeared 1 Now careful inspection 
revealed that when the muscle contracted vigorously the wheel 
was given a revolving momentum As the muscular tension di- 
minished near the end of a contraction, the turmng wheel 
slipped shghtly under the cord The wheel proved to be not 
precisely centered This eccentricity, not perceptible on simple 
examination, had an effect which was greatly magnified by the 
recording lever As the wheel turned tlirough its entire circle, 
therefore, differences in the height to which the -writing point 
rose were registered up and down in the waves The phenom- 
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of tlu wind 111 tlu tiiliti txptimums niiaie avis nstd to 
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Tht aiiifiri d t h u.acti r of tht av.ia t s of a.ii i it ion of tnnscul.ar 
contnrtion in oui t\ptrmitni 5 ltd us to inquire into the con- 
ditions of Siorta s tsjuimitnts avjiuli h.ad bttn published 
nt.arlj .a qu.artti of .i ttntura btfore IIis .apparatus av.as pl.atcd 
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tor h.ad jnssed avhich gnae the muscle its m.am stimulus resulted 



126 THE WAY OF AN INVESTIGATOR 

in a retarded relaxation and consequently in rhythmic recur- 
rences of waves of response 

Lord Lister once remarked, “Next to the promulgation of 
truth, the best thing I can conceive that a man can do is the re- 
cantation of a public error”— a remark with which I tlioroughly 
agree Of course, as promptly as possible I published the ex- 
planation of the oscillatory contractile variations of rhyth- 
mically stimulated muscle The paper ended with the state- 
ment that our experience “should be useful as a warning to 
beware of wheels in apparatus for stimulating or recording ” A 
warning of still wder import which I now strongly emphasize 
IS “Always make sure that your technical devices do not deceive 
you ” 

A not uncommon mistake in judging a complicated situation 
results from Neglect of Multiple Causes The error is commit- 
ted when an experimenter removes an agent which might be 
active in a process and, on noting that the process continues, 
draws the conclusion that the agent was not involved Our bod- 
ies have various ways of reaching the same end Shivering alone 
can prevent the bodily temperatures from falling, that does not 
prove that other factors which have been prevented from oper- 
ating are ordinarily useless I once had to defend the role of 
adrenaline as a means of calling forth sugar from storage in the 
hver It IS true that after the adrenal medulla has been ex- 
cluded, the usual sugar concentration in the blood is main- 
tained Drawing the conclusion that adrenaline secretion, there- 
fore, exerts “no important function” is an instance of Neglect 
of Multiple Causes Sugar can be discharged from the liver re- 
serves in other ways— by sympathin or merely because the con- 
centration in the blood is falling— but never with the speed and 
effectiveness seen when adrenaline is acting 

A serious error mvestigators can make, as previously noted, 
IS that of drawing inferences or stating conclusions which go 
beyond what is justifiable from the observed facts This may 
be called tlie Error of Unwarranted Conclusions It is likely to 
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to piodilee repi il sttps of pcxeptlhlc itKltises of sensation 
then nnist he pic'ent cepitl latteis of mere isinp siimnlaiion, or 
in inou teriinnal terms, the intensns of the sensnmn is ap- 
pioMmneh pxijxniion ite to the loparnhm of the stienpth of 
the stnmihis I ins sounels leiuud uid appe irs to he e\aet— hut 
It IS not tint' J'\tr\ stiisition is iiself a nnn\, thonph smmili 
nia\ he composite, vtusitnuis ate not— the\ rinnot he it'paidcd 
as massts of eomhiiied units \iid the piojiei jas^rliolopical con- 
5 t(jutnre of Itelnurs ‘ln\.' in l.nnes’s opinion, “is jnsL 
iwthinfi' I ntirt hhnries ean ps)rhoph\sies hear a\ itness to pa- 
tient desotion to studies based on this eiroiicons “law" Hci- 
riclv rein irks, ‘ The eiioi of ps^chojdi^sies lemains momimcn- 
lall) mstnicine 

There are other, ininoi mistakes ulneh an inc\pcncnccd in- 
\csiigator ina) make and apninst uhieh he may be cautioned 
I can tcsiif) repardinp some of tliesc mistakes from my own 
experience \mong tliein is that of Neglected Detail In Uic fust 
X-ray obscn'.ations on the movements of the stomach and mtes- 
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tines, bismuth subnitrate ivas used as the insoluble salt tvhich, 
when mixed with the food, renders tlie contents of the stomach 
and intestines opaque to the rays and thereby throivs visible 
shadows on a gloiving screen I used other heavy insoluble salts, 
among them barium sulphate I did not mention tliat fact, how- 
ever, but merely made a general statement Noiv the safer bar- 
ium sulphate is employed instead of bismuth salts, it might 
have been employed much earlier if I had specified the salts I 
tested Again, in the argument in favor of a toxic factor as the 
occasion for the appearance of shock in wounded men I called 
attention to evidence indicating a release of poisonous sub- 
stances from the badly tom tissues There tvas, indeed, tlie pos- 
sibihty that toxins might be derived from disintegrating struc- 
tures, damaged by the flying missiles of warfare In all ivar 
wounds, hoivever, there is bacterial infection It is ■well knoira 
that the growth of bacteria in dead or dying tissues is likely to 
produce toxins The role of bacterial toxins in the production 
of shock was mentioned in the article, but the mam emphasis 
was laid on possible poisons from tissue breakdoivm That was 
an error of neglect of the important factor of infection 

Another mistake of the inexpert is diat of heading a paper 
with an Improper Title The title should include as many 
words as are necessary to indicate what die paper contains 
Since an index of scientific literature will record the tide under 
various headings, die variety of words will supply to searchers 
in the literature clues to the work the author has done A paper 
ought to describe only observations which are implied in the 
tide Of my earliest publications one was “The Movements of 
the Stomach Studied by Means of the Rontgen Rays ” In it I 
reported that as more and more food is sivalloived the neiv 
masses are pressed into the food already in the stomach so diat 
there is a stratification, which is only gradually destroyed as 
the peristaltic waves chum the gastric contents Some years later 
a German investigator described the primary stratification of 
food in the stomach Thus, even though the specific naming of 
his observations gave him proper credit, he lost time by repeat- 
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ing work already done If a result has been obtained diat is not 
peranent to the general subject under consideiation, it is bet- 
ter to widihold It and to add othei related results before giving 
It publicity "When included in an account of studies foreign 
to It, It IS fairly certain to be lost 
Investigators of the functions of higher organisms are con- 
cerned rv’itli extremely complicated processes Not only are 
diere complex interrelations among the processes participating 
m die life of these organisms but also the organisms diemselves 
are responsive to external conditions imposed upon drem, con- 
ditions rvhich may furdicr confuse the total situation More- 
over, die technical methods employed in Attempting to eluci- 
date the events rvhich are taking place may themselves be mis- 
leading unless the utmost care is exercised to assure absence of 
defects The need for die most scrupulous and cautious critical 
judgment in conducting experiments is indicated in die pessi- 
mistic tesumony of Danvin, who declared, “nature r\all tell )ou 
a direct he if she can ” Of die many sorts of error that may creep 
into experimental procedures, I have considered and illustrated 
a few ivliich have seemed to me most important 
By carefully avoiding untested assumptions, dien, by making 
sure that an experiment is carried dirough to die end, by in- 
variably insisting on adequate controls, by meticulously exam- 
ining apparatus for possible defects, by scrupulously attending 
to a close fit of conclusions to obsen'ed facts, die investigator 
may hope to avoid errors And if, in reporting mediods and re- 
sults, pertinent details are not neglected and die paper is given 
a title diat properly defines die contents, he may feel diat he 
has done his best to tell die trudi 
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A PARENTHESIS OF WAR 


In 1917, when the United States entered World War I, there 
^vas a common desire among saentific investigators to do every- 
thing possible to aid in the rvar effort Word had come from 
England that one of the most serious problems of ivar surgery 
ivas that of dealing with ivound shock, a condition, long mys- 
terious, that IS seen on a huge scale in ivarfare The problem 
could be attacked by physiological methods and a group of 
American physiologists organized to tvork on it There ivas 
a similar group in England, including Henry H Dale, Charles 
S Sherrington, Ernest H Starhng, and Wilham M Bayhss 
^Affien the Harvard Hospital Unit was formed I deaded to ac- 
company It and to serve in France as a field mvestigator who 
ivould report back to the laboratory ivorkers the shock phe- 
nomena presented by badly wounded men The deasion re- 
quired a sharp break iNUth all my previous habits I must cease 
to be a laboratory henmt and go forth into the -world for scien- 
tific study I must turn from obsen'ations on natural processes 
in loiver animals to observations on grievously tom and bat- 
tered human beings And I must leave the peace and secunty 
of academic circles and enter the turmoil and distress and the 
excitements of battle areas All these novelties made a profound 
impression on me, not only as a converted mvestigator, but as 
a citizen eager for -victory of our arms ^\ffien the -war -was over 
I returned, in 1919, to the researches I had abandoned The ex- 
periences during the tivo-year mterval -imre sequestered, they 
formed a sort of parenthesis in the routine course of university 
responsibihties Letters imtten home and some published ar- 
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tides rccoidcd the many events of the mtuisive penod A few 
of these e\ents I have selected to tell of hcic 

The Hanard Hospital Unit included physicians and sur- 
geons of skill and eminence— among them Han'cy Cushing, 
Roger I Lee, Robcit B Osgood, Joseph C Aub, and O H 
Robertson AVc left Ncu Yoik call) in May, 1017, and after a 
week in London were sent to a hospital at Danncs-Camicis, not 
far from Boulogne \t Boulogne was an old fiicnd of mine. 
Colonel T R Elliott, tsho rcpicscnicd in Fmncc the English 
Medical Research Committee He had been informed that I 
wished to in\csiigaic dncctly conditions attending wound 
shock, as manifested in the seriously wounded In the old towm 
of Bcthuuc, at that time, there was a small gioup interested in 
shock problems, that seemed, thcicforc, tlic most favorable 
place for ni) purposes 

Colonel Elliott telephoned to General Pike, the chief medi- 
cal officer of tlic British anny which goterned Bdthune, to ask 
whether I might be pcnnittcd to enter that area In order to 
certify me ^ an investigator he explained to the gcncial that 
I had invented tlic bismuth meal General Pike replied, "Send 
him along! Send him along! I had to lake a bismuth meal once 
and I’d like to knock him down ’’ Far from knocking me dowm. 
General Pike was most gracious and helpful, and General Cuth- 
bert Wallace, w’ho was chief surgeon, did cvcrj'thing possible 
to make the work at Bdthune cffcctnc 

■\Vhile w'aiting for departure of tlic coach tvhich w^as to take 
me tow’ard die front, a troop train near by was being loaded, 
the soldiers, burdened wuth dieir hca\y kits, were climbing into 
the little cars marked “Chevaux 8, Homines 40 ’’ A company of 
Scots arrived, marching after four bagpipes wdiich shrilled out 
their weird music Some of them w'ere singing Loch Lomond 
The w'ords, “Ye’ll tak’ die high road, and I’ll tak’ the loiv road, 
and I’ll be in Scodand afore ye,” had a possible grim symbol- 
ism And when diey sang “Me and my true love wall never meet 
again,” it ivrung my heart They were going up die line for a 
“push” and many w^ould never return 
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B^thune was a picturesque old town which still retained in 
Its architecture evidences of the tune when the Spaniards occu- 
pied that part of Flanders In a large seminary building, about 
five miles from the front line, was Number 33 Casualty Clear- 
ing Station There only the badly wounded, who had to be 
cared for as soon as possible, were allowed to remain On the 
professional staff of the Clearing Station were Captain John 
Fraser, the surgeon, and Captain A N Hooper, physician, who 
for some time had been interested in the phenomena of shock 
Closer to the line and co-operating with tliem was Captain E 
M Cowell (later Major General Cowell of the British Army 
Medical Corps) 

In B^thune, at almost any time of the day or night, we could 
hear the distant thumps of the heavy guns From the upper 
windows of the seminary we could look aivay to tlie east, over 
the level fields, to where the fighting was in progress One 
mght, gazing out through the darkness, I watched an intense 
bombardment Airplanes were humming under the clouds, 
dropping red and blue signal flares Hostile searchlights threw 
their powerful pencils hither and thither, searching out these 
sky scouts and bombers, and when the planes were discovered, 
chains of flaming incendiary bombs (“flaming onions”) were 
shot at them through the confused sky All these illuminations, 
added to die Very hghts, and to the incessant roar and the 
flashes of the thundering guns made a scene so awful diat it 
seemed to me almost beyond belief that m the midst of it were 
men, with eyes and ears and sensitive nerves, ivho were being 
ripped open and mangled as they endured the maelstrom of 
tumult and terror 

About mid-August an attack in the line north of Lens gave 
me my first major experience of the horrors of a shock ivard 
The attack had been made by Canadians Among the seriously 
wounded were Swedes from Winnipeg, an Indian, a Japanese, 
and some French from Montreal who spoke broken English 
Clay covered their shoes until they were rounded lumps of 
mud. It plastered their puttees and trousers or clung to them m 
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hanging masses, 11 smcaicd ihcir h.ands and faces, and it stuck 
in their hair No i\onder they were badly infected by missiles 
passing through this corrupted stuff befoie reaching the flesh 
And bloodl It was everywhere It reddened the bandages It lay 
in jellied masses on the sti etchers Hands, used to stop the 
bleeding, ucre streaked and blotched with blood It had 
streamed oier their tunics and trousers— indeed, their clothes 
ivere sometimes nearly coiered with gore 

Their wounds were appalling A big man ivith his jaiv partly 
shot away sat, A\iih a great mass of bandages around his head, 
drooling blood into a cup Two were shot through the urinary 
bladder Another, an ofTicer, had a considerable pait of his liver 
out under the bandage The head of the Japanese was com- 
pletely cosered, except eyes, nosiiils and mouth, his lips w'eie 
black and swollen to an enonnous sire, and his eyelids w'erc 
puffed till tliey weie quite shut Another head case w'as uttcily 
grotesque, the soldier had evidently been peppered wntli flying 
bits of mud and steel, the cheeks and lips and eyelids w'crc so , 
swollen Uiat the whole head under the stretched gauze had the 
shape of a squat pear, witli no prominences Only his biuised 
lips were exposed and he seemed near deatli, but w'hen I felt 
his pulse, It w’as good and he muttered tlie universal call for 
ivatcr 

Extra surgeons wxre dierc to help Even so, it w'as impossible 
to care for the urgent cases promptly By next moming thir- 
teen of about sixty of the badly w'ounded had died The officer 
w'ldi die liver is'ound w'as delirious wiien I w'ent to him He 
w'lshed to get up and ivalk about for a w'hile Then he looked 
at me w'anly and said diat he w^as very tired and needed a W'eek 
in die w'oods Shortly dicrcaftcr the orderlies passed by ividi 
his body, covered reverently wndi the British flag A poor 
WTetch w'ho became delirious thought that all the attendants in 
the w'ards ivere Germans And w'henever anyone approached 
him he w^ould struggle up and, extending his arms, as if hold- 
ing Ins rifle, w^ould shout, “Get out! Bang! You’re dead!” Then, 
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exhausted, he would sink back and whisper, "It’s no use, they’re 
too much for me ’’ Soon he, too, ivas gone 

The shock ward at night was a harroiving place Only a dim 
light t\ras permissible because of hostile airplanes In tlie near- 
darkness we could see the tossing, restless forms and hear the 
groans and moans, the frequent sounds of vomiting, and die 
cries, "Oh, doctor, let me sleep,’’ and "Water, I must have 
water ’’ A prompt ejection of the sivallowed water, when it is 
given to men in shock, is commonly a part of tlieir torment 

Evidence accumulated that in the badly t\founded brought 
to the clearing station the normal, slightly alkaline condition 
of the blood is changed toward an acid reaction A soldier with 
his left knee shattered, his right calf tom open, half of his right 
hand mashed, and a ghastly np in his right forearm tvas oper- 
ated upon After the operation his blood pressure, instead of 
being about 115 millimeters of mercury, was 68 His pulse, in- 
stead of being about 80 beats per rmnute, "was 148 And his 
respiration, instead of being 15 or 20 breaths per minute, was 
34 Soon he was much ivorse The respirations, ivhicli most 
clearly tell the tale of accumulating acid in the blood, irere 
more than 40 per minute It was an emergency case and I sug- 
gested that we inject into the blood stream a solution of sodium 
bicarbonate By the time we had it ready he was gasping for 
breath, tlie respiratory rate had risen to 48 In spite of his 
wounds he lifted himself on his elboivr crying out betireen 
gasps, "I can’t breathe ’’ "Give me air ’’ "I can stick die pain, 
but I must have air ’’ We ran 35 ounces of the warm soda solu- 
tion into an arm vein The change which occurred ivas dra- 
matic His respirations promptly fell from 48 to 26 per min- 
ute and his pulse from 148 to 126 In ten minutes he was 
quietly sleeping Anotlier similar crisis about six hours later 
iv'as met in die same manner, the next day his blood pressure 
gradually rose to 86, 102, 114 millimeters of mercury, and he 
sat in his slanung bed, smoking a cigarette, u'lth much satis- 
faction 
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Other cases like tins, treated witli soda, displayed the same 
dramatic effect The results were so striking that we thought 
■we had found die proper method of dealing effectively widi 
tvound shock Our endiusiasm, however, was premature for, in 
many cases, die effects proved to be only temporary The stud- 
ies on wounded men at B^thune disclosed die fact that die de- 
gree of die “acidosis,” with which we had been dealing, is 
closely related to the degree of impairment of die circulation, 

1 e , It IS a late, secondary phenomenon and that it can be 
avoided if die primary harmful condition is treated prompdy 
The primary condition is an inadequate supply of oxygen to 
the tissues because of deficient circulation of blood, and the 
deficient circulation, as shoivn by felloiv workers on die prob- 
lem, mainly by Norman Keidi and liis assoaates, is due to a 
reduced volume of blood in the circulatory system If die vol- 
ume IS soon restored so diat die circulation and the oxygen de- 
livery are made adequate, die acidosis and other harmful sec- 
ondary phenomena do not occur Shock from hemorrhage, ^ 
bums, and severe accidents occurs m cml life The proof that 
what IS needed in treating it is prompt replacement of die fluid 
lost from the blood stream is therefore a perpetual benefit We 
grasp at any gains which can be set against the appalhng losses 
of Avar Here is one 

In November, 1917, Captain Fraser and I left B^thune for 
England During the subsequent three months I worked ex- 
perimentally on shock at University College, London, in co-op- 
eration Avith the physiologist, Wilham Bayliss Even m London 
Ave did not avoid the direct impact of die war, for not infre- 
quendy there Avere bombing raids over the city One clear, 
cold, starlit evemng I started tOAvard the Warren Street under- 
ground station As I entered it, I encountered a terrific crush 
Avith guards shouting, people pushing and struggling for the 
lifts, and no possibihty of buying a tickeL When I inquired, 
“Wliat’s up?” the brief ansAver Avas, “Air raid ” The men at 
the lifts Avere callmg out, “Women with babies only Men 
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do-vvn the stairs ” There the women with babies tvere— anxious- 
lookmg mothers carrying their weeping infants and all push- 
ing and driving against one another m dieir efforts to croivd 
into the great cages At die top of the stairs a fierce struggle 
tvas going on, ivhen that was passed, hmvever, I tvent doivn 
quite comfortably until I approached the platform level The 
loiver I went, the more tvere the stairs used for seats And ivhat 
a modey crowd it was! Haggard old women widi unrestrained 
gray hair, mothers with little children in dieir arms and others 
clinging to their skirts, girls wearing die finery of the family 
(the best way to carry it), some rather bleary-eyed old men, and 
irresponsible boys who took the whole affair as a lark I heard 
hasty words in Italian, in French, and in Yiddish The air 
reeked of garlic and dirty human bodies, and die noise of die 
moving trains hardly drowned the jabber of tongues Trains 
came, stopped, and passed on, so crowded diat I could not push 
into a car At last I was able to enter one, and as it sped toward 
Hampstead I saw repeated at each station what I had seen at 
Warren Street 

While I was in London I learned that I had been elected 
president of the Red Cross Medical Research Society, organ- 
ized by Americans for a common exchange of the expenences 
of French, British, and American physicians and surgeons in 
military service The society was to meet in Pans once a month 
to discuss papers concerned witli important medical problems 
arising in die armed forces In March, igi8, I was transferred 
to Pans, and, after some iveeks of ivaiUng, appointed director 
of a laboratory at Dijon under the genial command of Colonel 
J F Siler My task was to conunue laboratory investigations of 
shock and to teach groups of medical officers ivhat we dien 
knew of Its nature and treatment, the plan ivas to send diem 
to forward hospitals dunng a "push” to attend to die seriously 
wounded With the help of McKeen Cattell, Joseph Aub, and 
later O H Robertson, I taught shock teams in weekly sessions 
as they were sent to Dijon for instruction 

In February I had been honored by appointment to give die 
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Croonian lecture of 1918 before the Royal Society This en- 
gagement took me back to London in June, ivhen I presented a 
tlieory of thirst and die evidence supporting it Duties required 
a visit to 0 >dord There I had an opportunity to see hoiv pro- 
foundly die academic character of the ancient university ivas 
altered by die war Sir Charles S Sherrington, die physiologist, 
was investigating die spread of die poison of tetanus in the 
neri'ous system, an urgent war problem Odiers ivere busy widi 
questions of fatigue and efficiency among munition workers 
As i\^e passed a short street, Sherrington waved toward the 
houses facing it and said to me quietly, “Hardly a home in that 
lane is free from mourning for the loss of a son or a fadier ” In 
one of die colleges I met a student who had die reputation of 
being exceptionally gifted, he had been totally blinded by a 
bullet •which passed dirough his head, from side to side, just 
back of die eyes While I was in Oxford I had occasion to meet 
again Sir William Osier The death of his only son in a Flan- 
ders batde had been a shattering blow When I told Sir Wil- 
liam, in ansiver to a direct question, that I had five children, he 
said, “lucky man”, and when he learned diat four ■were girls, 
he said, “luckier still ” 

Mihtary planes droning in die sky and uniformed men oc- 
cupying die colleges were continuous reminders of die dark 
shadoiv of war And yet life was not always in shadow From 
the Osiers I went to call on Professor J S Haldane He too 
was deeply involved in ivar research but he suggested dropping 
It for a while and going to “dine in hall” at New College To 
my great interest and pleasure I was seated at the right hand 
of the warden or master, W A Spooner, of spoonerism fame 
He was a kindly old gendeman, an albino, colorless in hair and 
eyes, with a face frequendy illumined with smiles I hung on 
his talk expecting one of his gems, but nothing came I had 
heard of his “tons of soil” in an address to working men, his 
toast to “our queer Dean” in honor of Victoria, and his de- 
scription of an audience as composed of “tiers of beery 
wenches”, but Haldane told me of one that was new to me— his 
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announcing a hymn in diapel, “We mil now sing ‘From Ice- 
land’s greasy mountains to India’s coral strand ’ ’’ Haldane him- 
self ivas an original He was keen and ingenious in his physio- 
logical experimenting, but extraordinarily absent-minded 
Once, when he and I had to wait at tlie Oxford platform exit 
while another member of our party ran to the tram to recover 
the ticket he had left in die coach, Haldane remarked dream- 
ily, “I never foigot my ucket, but I once ate my ticket!” It was 
remarkable that one so abstracted and unworldly as he ivas 
could be an intensely practical man The mine ivorkers have 
much to thank him for in the ingenious inventions he densed 
for their safety and security 

On returning to France I was inadvertently cast into the 
midst of die vast final effort of the Germans to break die French 
defenses This experience gave me unusual opportunity for a 
near view of medical services in a batde Early m July, 1918, 
a request came diat I be temporanly assigned to die 42nd Divi- 
sion, then in the line nordi of Chalons-sur-Mame There on 
Sunday evening, July 14, "Bastille Day,” a group of us medical 
officers met together and sat nonchalantly conversing and dis- 
cussing until nearly 10 30 The thought slipped through my 
mind that diis might be comfortable ease before tragedy About 
10 45 tve retired to our cots At 11 50 diere suddenly began 
die most stupendous, die most terrific, the most inconceivably 
* terrifying roar— like Niagara behind die falls, like diousands 
of huge motor trucks speeding over cobblestones, like freight 
trains passing each other in a tunnel. It was the beginning of 
die great German attack The moment the dm started I jumped 
to my feet, and saw the whole nordiem horizon ablaze noth 
flashing guns and bursting shells The fnghtful dm continued 
for four mortal hours, ividi occasional intensifications ivliich 
made it seem to come nearer 

I had dressed at once Scarcely had I put on my belt ivlien 
there was a zip-sish-bang and a big German shell burst to die 
south of the hospital We ivere ordered into die trenches For 
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clothing, dogs and goats trotting along beside tiie walking peo- 
ple, a young girl or a middle-aged woman leading the horses, 
sometimes an old man leading, carts standing before the houses 
and people hurrying to get out their belongings— no tears or 
crying, no complaining, the fields rich with gram, just turning 
yello-w and ready for tlie harvest, under the blue, cloud-flecked, 
summer sky, all nature lovely and joyous, if it were not for the 
hideous cruelty of war 

No sooner did I arrive at iScury than I was directed to the 
shock ward It was already filled with tlie sickening sights asso- 
ciated in my memory with B^thune Men witli tlieir bellies 
tom open, ivith the sides of their faces npped out, witli brains 
oozing from skull wounds, with the bladder shot through, ivith 
sucking chest wounds— such were the pathetic, well-nigh hope- 
less cases left m tire ward By the second day those tvho had not 
already died were likely to be weakened and septic, or restless 
witlr approaclimg deatli Cursings, expletives, repeated shouts 
for “mother” or for “mama” or “papa,” and the stench of puru- 
lent wounds and dressings made the shock tvard a heart-rend- 
ing place As soon as a wounded man had improved and was 
out of danger he was removed to anotlier, relatively quiet tent 
where conditions of surgical attention and care were more fa- 
vorable This selection always left in the shock ivard the very 
worst and nearly desperate cases It should be stated tliat judg- 
ing the total situation by the horrifying scenes in tliat ward is 
unfair, the lightly wounded, after a battle, wander about, smok- 
ing cigarettes and comparing experiences, and most of the 
wounded are only lightly wounded On the other hand, there 
are horrors of death and mutilation on tlie battlefield not seen 
even in the shock ward 

During my absence witli tlie 42nd Division the shock teams 
coming to Dijon for instruction had gone away irithout full 
training My services really belonged to the Amencan Expedi- 
tionary Force and not to any special division Consequently I 
was ordered to Dijon and given the commission of going there- 
after to forward areas during activity to make sure that shock 
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teams were properly equipped and were alert in caring for die 
■wounded 

By the end of October conditions had quieted down to such 
a degree diat I had free time Early in November, Lieutenant 
Colonel Alexander Lambert, chief surgeon of die American 
Red Cross in France, and Lieutenant Colonel Simon Flexner, 
director of the Rockefeller Institute in New York City, came to 
Dijon They invited me to motor with diem through the coun- 
try to the nordi, which I knew fairly -well because of previous 
visits to fonvard hospitals The object ivas to inspect die hos- 
pitals and to learn of possible needs On November 10 we 
reached Verdun, sloivly and -with deep feeling ive passed 
dirough diat tragic and glorious place I iras reminded of die 
relics of die Badis of Caracalla— the bare broken ivalls standing 
somber and silent, die ivliole city wrecked in that fashion From 
^^erdun ivestivard e^'er}^vhere the roads i\’ere soupy seas of mud 
Cars, men, horses, and broken walls ivere plastered widi it 
Casual laborers stood in die midst of it, idly scooping it up in 
dieir shovels, and dirowing it where it would run back again 
That night ive spent in a tent hospital m Cheppy, situated on 
die top of a slippery hill and in die midst of a muddy shell- 
marked field The cots assigned to us in one of die vacant tents 
were so cold diat ive piled blankets on diem We went to bed 
only partially undressed, and even dien were chilled to die 
bone We arose and put on our overcoats, but that did not help 
For hours ive shivered in die frigid dampness From neighbor- 
ing tents ive heard patients coughing and breathing in grunts, 
and from far aivay east of us came die continuous thumping 
of die guns 

By morning— It was Monday, November 11— we had had 
about three hours of sleep For penetrating cold, “Iceland’s 
greasy mountains’’ were not to be compared to a sloppy, slippery 
hilltop in eastern France in November When we entered die 
dining tent in die gray fog of early morning, we saw one of die 
nurses, heavily bundled up, sitting beside a wholly inadequate 
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little stove She remarked, in soft southern speech, “Ah think 
wah is the most dreatful thing that can happen It makes every- 
body so mis’ able ” That was our opinion, too 

In a big French touring car we set out with the intention 
of passing through Rheims and reaching Pans by nightfall We 
drove through utterly desolate, ruined towns with Amencan 
troops and motor trucks and horses standing in the midst of the 
ruins At Sommerance, about noon, we asked a traffic officer, 
mired in the mud at a crossroad, whether he had any news, 
“Yes, the war ended at eleven o’clock ’’ The war, the Great 
War, was overl The incredible had happenedl I felt dazed and 
bewildered, in a strange world of desolation, “mis’ry,” and shat- 
tered homes— and in the fog and mud that seemed a proper set- 
ting for the hideousness of it all Could it be possible that light 
might break and the world be gay and joyous' again? What 
might the future hold for us? The first shock of the news 
brought relief, rather than exuberance, and then a sense of 
i<^onderment as to how events might move 

A breakdown of the car and bad roads retarded our progress 
so that by mghtfall we were able to get only as far as fipemay 
Although there was joyous celebration in the city or perhaps 
because there was joyous celebration, all the hotels were closed 
^hen we learned the practical value of internationalism in sa- 
ence A French medical officer we chanced to meet told us that 
we might find accommodations in the local hospital There we 
went The doctors and nurses were at dinner, celebrating the 
victory We introduced ourselves The doctors knew of the dis- 
covery of the bacillus of dysentery by Flexner, they were aware 
of Lambert’s services through the Amencan Red Cross, and 
one of them happened to ask if I was the Cannon who had 
made “classic” studies on the stomach Thus we were properly 
identified, and were ivarmly welcomed to participate in the cele- 
bration We sat at the doctors’ table, rejoicing with them in 
their happiness after the long, long struggle Speeches were ex- 
changed, toasts were drunk, and in spite of our failure to reach 
Pans we thought the day well ended 
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The next nftcinoon we were approaching Pans Fiom Cha- 
teau-Thien^ onwaid we entered a legion not damaged by the 
wai Flags wcie flymg eveiywhere, at eveiy village and town 
we were gieeted by shouts and cheers, men waved their hands 
or sainted, childien cried "Ics amdiicnius ” It was a gay and 
jubilant journey As we wcie enteiing Pans, the crowds grew 
more and mote dense and the enthusiasm more boundless We 
tveie outfitted foi a reception Our diiver was gnmy, our car 
t\as plastered with mud, it tras evident that we Aveie just in 
from the froiiL The people shouted their -welcome, boys 
jumj^cd on oui running boards, waving flags in our faces, a girl 
made an attemjit to snatch a tncolored rosette fiom my over- 
coat and i\hcn she failed, the onlookers burst into laughtei, 
sedate men lifted Uieii hats to us 

Dr Lambert returned to his home while Dr Flexncr and I 
dined together at one of die restaurants About eight o’clock 
i\c went out to the streets On crossing die Place de la Con- 
corde i\e came to the statue of Simsbourg, among those of her 
sister cities, now covered with the French Tricolor and with 
garlands of floisers At last die family circle would again be 
complete "We josded our way up the Rue Royale to die Boule- 
\^rd dcs Italicns There the crowd was prodigious Lines of 
people, arm in arm, swept by singing and shouting Some Amer- 
ican soldiers, grinding out hideous squawks on klaxons in 
rhydimic ume, had a great company folloiving after them 

The croivd die previous evening, so it was reported, had been 
more sedate and more deeply impressed ividi the solemn joy 
of peace It -would have been -wonderful to have seen die streets 
diat night, too 

"What an extraordinar}' -world was being disclosed! Republics 
ivere springing up in place of t)Tannies, kings were slipping 
away to escape disaster, dynasties, centuries old, were abolished 
in a few hours As Lloyd George remarked, “Emperors, kings 
and croivns are falling like widiered leaves before the gale ’’ I 
wondered -what it all meant and where die free spirit might 
lead 
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By good fortune experiences in researches on shock during 
World War I could be put to use in World War II In May, 
1940, ivhen there was fear tliat the United States might again 
be forced into a conflict, I was asked to become chairman of a 
Committee on Shock and Transfusions of the National Re- 
search Council I had not given much attention to shock prob- 
lems since 1923, when in a book entitled Traumatic Shock, I 
summarized tlie researches of World War I Here was a call to 
service, however, which could not be denied Through subse- 
quent years of the global conflict I acted in the capacity assigned 
to me 

As previously noted, die studies on shock conducted in 
World War I had revealed diat die condition was due prima- 
rily to a reduction of the volume of circulating blood It was 
of urgent importance, therefore, to provide a means of in- 
creasing the volume as soon as possible, before damage could 
result from the reduced efficiency of the circulation A primary 
method for bringing about improvement consists in augment- 
ing the volume by infusing into a vein a somewhat gummy or 
colloidal solution The solution does not, of course, increase 
the number of red corpuscles which carry to die tissues the 
constandy needed oxygen, but it puts to greater use the corpus- 
cles which remain, by restoring the circulation to a more nearly 
normal state Recent studies had shown diat die fluid part of 
the blood, the plasma, which is easily separated from the cor- 
puscles and which naturally is an innocuous fluid, could be 
used for that purpose If preserved in a fluid state it may be- 
come contaminated widi bacteria, and it is a good culture 
medium for them If dried, however, this danger is avoided 
Widi the help of Max Strumia of the Bryn Maivr Hospital, the 
Committee defined safe methods of drying plasma for die use 
of die armed forces The procurement of blood from which 
the plasma could be processed was too elaborate an undertak- 
ing for the Committee and was assigned to the American Red 
Cross and through it to the highly efficient direction of G 
Canby Robinson The story of the extensive donation of blood 
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CHAPTER XIII 


POSSIBILITIES OF CO-OPERATIVE 
RESEARCH 


The advantages of co-operative research I learned during 
World War I while serving as an intermediary for groups of 
investigators in the United States and England and again, later, 
during World War II in the Committee on Shock and Trans- 
fusions of the National Research Council Since the organiza- 
tion of the co-operative enterprise was more thorough in die 
second expenence, I shall limit my description to its workings 
The Committee, through the acquaintance which its members 
had with die abilities of investigators in different parts of the 
country, invited engagement in researches on various unsetded 
aspects of the shock problem At a conference of these pro- 
spective collaborators, the questions to be answered were dis- 
cussed and outlined and the need for obtaining ansivers as 
prompdy as possible was emphasized Thus, whenever any one 
of the members of the group discovered something neiv, it 
could be prompdy tested for its validity and appraised by other 
members Moreover, results obtained in laboratory experi- 
ments could be applied at once to needs in the clinic and 
thereby the values in human cases could be examined and put 
to use in die care of wounded men Occasional gathenngs of 
all the investigators working on problems of shock allowed sum- 
maries of progress to be presented and points in which there 
was variance of testimony to be critically judged Such gather- 
ings commonly resulted in bringing forth features of the prob 
lems ivhich needed particular attention Special experiments 
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highly what others are doing but because he is satisfying an 
eager personal interest What proves attractive to him, furtlier- 
more, may not prove attractive to others Indeed, it may be 
difficult for him to justify to others tlie course he intends to 
pursue 

It IS commonly said that when an investigator follows his 
own entliusiasm, he is engaged m “disinterested” research In 
striving to realize his surmise, to be sure, his purpose is not to 
render favors or to support any special doctrine His efforts, 
hoivever, are far from impersonal They are intensely personal 
and an expression of his deepest concerns Further, it should 
be confessed that the investigator is not engaged in devotion 
to science “for its own sake,” to repeat a common expression 
He is ready to spend strenuous days in tliat devotion, but nnth 
the intent of securing new knowledge and neiv insight for his 
otvn inner satisfaction The “pure” science dins obtained, he 
IS deeply convinced, rvrll have ultimate if not immediate value 
beyond satisfying his curiosity 

There are innumerable examples of piactical results ivhich 
have flo-wed from the deep-delving interest of the investigator 
when primarily he has been gratifying his personal inquisi- 
tiveness Rontgen ivas studying die effects of die discliarge of 
electricity through attenuated gases when he discovered die rays 
which bear his name He had no anticipation that diese rays 
tvould prove of inestimable value in revealing die funcuons 
and disorders of internal organs, locating in die body foreign 
objects sucli as bullets or bits of shrapnel, shoiving the position 
of broken bones, and disclosing die character of crystalline 
structure Similarly when Perkin made his first obsen^ations on 
aniline dyes he was not in die least aivare of dieir possible use 
in industry, in die discrimination of different types of bacteria, 
in the staining of microscopic sections of tissues, in die develop- 
ment of medicinal agents, in die diagnosis of disease, and in 
the manufacture of explosives Doubtless much that is highly 
valuable for human ivelfare can be discovered by attention to 
problems wliicli are presented by definite human needs But ob- 
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viously It ■would be folly to limit research to ivhat is called “ap- 
plied” science The possibilities of relieving man's estate by 
permitung tlie investigator to satisfy his “ivanting to kno-^v” are 
too evident to ivaiTant any such limitation 

The arguments against the planning of lesearch are based 
mainly on tlie dangers -which might arise if die unique foresight 
and personal drive of die investigator, -whose eagerness for dis- 
covery leads him deeper and deeper into die elucidation of hid- 
den meanings, should be neglected or suppressed Attempts to 
organize research and to control its direction by governmental 
agents or by social dieory and compulsion are fraught ividi such 
dangers In my opinion, as I have already testified, it would be 
deplorable if scientific activities should become wholly depend- 
ent on governmental subvention and on a scramble for funds 
m competition -widi hosts of other demands on the public 
treasur)^ Particularly die pursuit of pure research might be 
seriously imperiled, legislators, unacquainted with die ways in 
which benefits have been obtained by applying investigative 
skill, might be duly impressed widi plans for sohung problems 
of practical import but diey might refuse the assignment of 
funds for fundamental investigations which are often much 
more re-svarding 

In expressing some apprehension of hazards to research on 
problems of theory if governmental control should prevail ex- 
clusively, I do not wish to imply any belittlement of the ad- 
rmrable aid -which the national and various state governments 
in the United States have given toward the application of scien- 
tific methods to such problems as those of agriculture, geology, 
and meteorology Nor would I fail to express high regard for 
the marvelous contributions to human comfort and conven- 
ience -^vhich have resulted from researches in laboratories main- 
tained by great industrial organizations As a rule, however, 
the scientific activities in these establishments are directed to- 
ward immediately practical ends There is, to be sure, no real 
conflict of interests between pure and applied science, but the 



150 THE WAY OF AN INVESTIGATOR 

values of applied science are immediately obvious and are 
therefore likely to gain prompt and generous support The 
danger lies in a consequent neglect of possibly extensive il- 
lumination gained by seeking answers to theoretical questions 

The astonishingly rapid progress in the accumulation of 
knowledge in many directions when there is generous financing 
of scientific efforts has been demonstrated by governmental sub- 
vention during World War II In these circumstances, how- 
ever, the government has provided the money required by the 
investigators but has left them to exercise their talents within 
the ranges where their insight and abihties have proved most 
effective Furthermore, a group of eminent scientists, ac- 
quainted with the diverse methods of scientific inquiry, have 
determined where and how the funds could be best allocated 
m order to secure the desired results The success of this mode 
of accelerating the process of advancing knowledge raises the 
question whether, in times of peace, there might not be similar 
definite advantage in co-operative research which could be pro- 
moted, possibly by governmental support, under control of a 
strictly scientific orgamzation 

A possibility of co-operation in research, capable of offering 
many of the advantages which have been disclosed when mvesti- 
gators have worked together on questions presented by war, is 
seen when a fund of considerable magmtude is assigned for 
studies on a specific set of problems The National Research 
Council, an orgamzation intimately associated with the Na- 
tional Academy of Saences in Washington, is an agency which 
receives such funds and provides groups of scientific men to at- 
tend to their effective distribution For nearly a quarter of a 
century I have been a member of one of tlie groups, the Com- 
mittee for Research in Problems of Sex, and for about a third 
of that time I have been chairman of another group, the Com- 
mittee for Research in Endocrinology 

Experience on tliese ttvo committees has demonstrated that 
there can be a form of investigative activity which preserves the 
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benefits of co operation, avoids die chances of governmental in- 
terference, and peimit 5 investigators to devote their energies 
to their special interests At the time the Sex Research Com- 
mittee began its administration, in 1921, the problems con- 
fronting It, though of great social importance, were largely 
taboo The Committee let it be generally known that a fund 
existed for the support of investigations in this neglected field, 
and invited applications foi grants Fiom die beginning, diere- 
fore— and die same may he said for die Committee on Endo- 
crinology'— die applications have come only from persons al- 
ready interested and active in die general field No compulsion 
has been exercised, no control has been imposed, and only op- 
portunity for progress has been offered During the many years 
of Its existence the Committee for Research in Problems of Sex 
has dispensed more than a million dollars No country in the 
ivorld has even approached die United States in its contribu- 
tions to die biological and social understanding of questions 
concerned i\'ith reproductive functions and dieir control Oc- 
casional conferences of die responsible investigators, who have 
profited by the grants-in-aid assigned to diem, have yielded the 
same benefits as were manifest in die conferences of the group 
irorking on shock problems There has been mutual stimula- 
tion due to discussion of mediods and results and a promotion 
of acquaintance and understanding among die participants 
which have resulted in friendly exchange of ideas and in ap- 
proval of the collaborative enterprise One consequence of 
this collaboration is a monumental volume entided Sex and In- 
ternal Secretions (1939) In tiventy-four chapters written by 
members of die research group, it records the advances in 
knoivledge of die biology of sex that have been made in a rela- 
tively short time because a generous assignment of funds has 
allowed investigators to push forward effectively in their own 
programs 

There are obvious opportunities for a man of wealth to pro- 
mote inquiries into any field in which he happens to be inter- 
ested During the past third of a century the life expectancy in 
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the United States has risen from about forty-five to more than 
sixty years Conservative estimates indicate that in the not very 
distant future the age distribution of the inhabitants of our 
country will be approximately 30 per cent below twenty years 
of age, 50 per cent between twenty and sixty, and 20 per cent 
over sixty More than ttventy-five millions m the seventh decade 
or beyondl Whether these projected figures prove exact or not. 
It IS certain that the numbers of elderly persons in our popula- 
tion will gready increase The medical and soaal problems of 
old age have been sadly neglected It has been said that young 
investigators are not attracted by problems of old people and 
drat when investigators themselves become old, diey no longer 
have the energy or die freedom to study old age themselves I 
cite these considerations in order to show how co-operative 
studies can be advanced A request to the National Research 
Council for an appraisal of the possibilities of investigating a 
general topic such as old age, for example, or any particular 
aspect of old age results in the appointment of a committee of 
experts which would in time give their opinion If their testi- 
mony should result in the granting of a subvention for a con- 
siderable number of years by the interested party or parties, 
the National Research Council would then ask the committee 
of experts, or possibly some modification of that committee, to 
serve as an administrative agency in dispensing the available 
money to reliable investigators already engaging in pertinent 
research or attracted into such activity by knoiving that their 
efforts would be assisted 

Clearly a governmental agency could utilize the long experi- 
ence, the knowledge and die skill of the National Research 
Counal in a similar manner for the investigation of any 
problem in which it was concerned 

Ample research funds, given for specific purposes and under 
control of competent scientists free from political pressure, pro- 
vide conditions which in many respects favor the most extensive 
and the most rapid progress in science The individual inter- 
ests of the participating investigators are given free scope, for 



POSSIBILITIES OF CO-OPERATIVE RESEARCH 153 

tliey aie pcmiitted to go then own way The values oC co-oper- 
ation aie presen'ed as the investigators, ■who aie interested in a 
given field, labor in diat field and are at times brought together 
for comparison and discussion of their experiences Planning, 
m tlie sense of directing woik on important pioblems, is un- 
necessar)', the assignment of funds does that The only defect 
m tlie general scheme that I can see is possible failure to assist 
some types of investigation which aie important but ivliich do 
not attract support 
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BEING A CITIZEN 


The scientific investigator is commonly thought of as an aca- 
demic recluse Many investigators do, to be sure, lead lives which 
are largely dissociated from public service This does not mean, 
of course, that their labors fail to bring advantage to the gen- 
eral population Indeed, the lone investigator, just because he 
is single-minded, may produce results which are of incalculable 
value in benefiting mankind Faraday, for example, though 
sometimes leading in the devotions of a small religious sect to 
which he adhered, “took little part in social movements and 
went little into society ” It must be admitted tliat time, the ir- 
replaceable necessity for scientific achievement, may be largely 
lost in activities irrelevant to scientific concern Nevertheless, 
the scientist is also a citizen and may feel a compulsion to engage 
in services “which he as a citizen has opportunities to perform 
And if freedom, essential for productive scholarship, is threat- 
ened, the call to engage m defense of it may be imperative 
When I was a medical student I heard a talk by the late 
William T Sedgwick, in which he advised his listeners first to 
establish themselves in their professional careers, perhaps by 
the time they reached forty years of age, and tliereafter to 
spend weekly a certain amount of time in attention to public 
affairs This talk made a deep impression Not until I was 
nearly forty years old did the chance come for me to follow 
Professor Sedgwick’s suggestion In 1908 I was chairman of the 
Section on Physiology and Pathology of the American Medical 
Association For more tiian a decade the antivivisectionists had 
striven to restrict freedom of medical research in Massachusetts, 
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and duuni; ahcmt iht «-ninc. pmod iluy had ni.ulo siinilai cf- 
fou*; in PcnnNvh.inn li sccnud to im putincnL to discuss the 
aims of the anti\ i\ isu iionists, tluii iniscont cpiions, (he niclli- 
ods ilu'v einplovcd to icdi/e dun ohjednes, and the dangci 
wliirh iniglit tiisiu to the ]>opul.i(inn at huge sliould tliey be 
sucTtssfiil 1 Ins 1 did in my (haninm's address 

The fundTiiuiml inisdmf of the aiitt\i\iscrlionists in agi- 
tating against iiudu.d ustauh is as 1 ha\c .dic.idy pointed 
out then present ition of a niisleuhng issue The) dcii) that 
an\ uiiliis his <nnu fioin animal tvpermieiiiaiion, they de- 
smhe the e\ptiiintnts as hoiitldt* toiiuiing of dumb biiites, 
and then tlu\ ask if this futiU tnult\ shill be jicrmittcd to go 
on If (his a\{ie the wholt itul xdat ions sior), few would hesi- 
tate on wlmli side to stand I \cn dereiu man and woman is 
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opposed to Cl lit Its tstn dtcent human being winces at the 
thought of inlluttti pim But that is not the whole sior)’ Nor 
IS It scracioiis It would lx as fan to display .i jiutuie of Dr 
Grenkll fighting his f iilhful dogs and stabbing them to dcadi. 
labeled ‘Is this the ssas to tun \oui pets*-'” as it is to icpre- 
sent animal t\pei mientation without ns mouses and ssithout 
Its trnimjdis C>icnftll in his snuggle on the fiigid ice pan, 
stabbed his dogs in older to sise his own life, and es'eiy per- 
son with common sc use commends tlie brnsei’). the resourceful- 
ness, and the projier sense of s’llius of that imssionaiy hero 
All) svorth) man ssho sees straight would ti) to do what Gren- 
fell did, if lie sseu toiiurcd and had to sacrifice his own life 
or that of lowei animals 

This IS preeisel) the issue winch the investigators see Fiir- 
tlicnnore, (he\ are aware of o\erw helming enidence that by the 
experiment il use of some animals the ehances for life and 
health of all mankind, and of m)riads of lower animals as avell, 
have been enormously amplified Ml that the uninstructed 
need do is to read what is known regarding the direct and prac- 
tical relation of animal evpciimcnts to the effective treatment 
of diphtheria and tel inus, to meningitis, rabies, and smallpox, 
to d)senter), cholera and typhoid fever, to bubonic plague, 
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tuberculosis and syphilis, to the disturbances of internal secre- 
tions, to diabetes and pernicious anemia, to the action of drugs, 
to the advancement of surgical technique, to childbirth, to 
hygiene and preventive medicine— in order to learn of tlie 
incomparable semce tvhich animals in tlie laboratories have 
rendered for their fellow creatures Just because they have 
rendered such service, tve turn to them for succor as ^ve con- 
template the still unconquered afflictions of men and ivomen 
and cliildren ivhose sufferings extend to everyone bound to 
them by the strong ties of love and sympathy Of die animal 
used for solving the mysteiy of disease William James ivrote, 
widi illuminating insight, “If his poor benighted mind could 
only be made to catch a glimpse of the human intentions, all 
that IS heroic in him would religiously acquiesce ” 

Such points as diese I emphasized in my address In the au- 
dience "Was the eminent padiologist, William H Welch, who, 
at a famous hearing before a Congressional Committee in Wash- 
ington in 1900, had proved himself a vigorous defender of free- 
dom of medical investigation Whedier in consequence of the 
address I do not knoiv, but almost immediately diereafter the 
Association appointed a Committee for the Protection of Med- 
ical Research, and asked me to be chairman My associates on 
the Committee -were a remarkable group of men Joseph Capps, 
professor of medicine in the University of Chicago, Reid Hunt, 
the well-knoivn pharmacologist of tlie United States Public 
Healtli Senuce, David L Edsall, professor of pediatrics at the 
University of Pennsylvania and later dean of the Hansard Med- 
ical School, Simon Flexner, director of the Rockefeller Insti- 
tute, and Hanley Cushing, the brain surgeon, ivho for many 
years ivas my colleague and close friend 

This group, ivith feiv changes, worked together for seventeen 
years Our first task was to examine tlie conditions under ivhich 
experimental medicine was being conducted in the United 
States Inquiry revealed that in a number of laboratories there 
had been posted for many years regulations defining the hu- 
mane treatment of animals used for experimental purposes We 
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158 THE WAY OF AN INVESTIGATOR 

instructive fact that very few representatives of humane socie- 
ties have taken advantage of this opportumty 

The Committee also met the second charge of the antivivi- 
sectionists— that animal experimentation is both misleading and 
useless Even when the Committee was established, more than 
a third of a century ago, the charge had little force Antiseptic 
surgery and aseptic surgery had become recogmzed as a conse- 
quence of experiments on lower animals, the death rate from 
diphtheria and tuberculosis had markedly dropped (in both 
diseases the result of animal experimentation), and other 
similar achievements could be pointed to with satisfaction 
Nevertheless, there was no widespread understanding of tlie 
importance of the experimental method for the advancement 
of medical knowledge In order to diffuse the evidence for that 
fact, well-known experts in various fields were invited to pre- 
pare articles on the vital significance of animal experiments for 
progress in practical medicine and surgery— articles on diph- 
theria, tuberculosis, child-bed fever, venereal disease, disorders 
of tlie heart and blood vessel^, surgical technique, vetennary 
medicine, tropical disease, and other subjects These authorita- 
tive expositions were published in the Journal of the American 
Medical Association and later reprinted as pamphlets They 
had wide distnbution and doubtless did much to acquaint both 
the profession and tlie public with the essential value of lab- 
oratory experimentation for the welfare of human beings and 
the welfare of lower animals also In the last three decades the 
demonstration of tliese values has become so familiar to the 
public that the antmvisectionists’ charge of uselessness is re- 
duced to absurdity Indeed, now that hundreds of thousands 
of Americans contribute to a fund, part of which is used to 
carry on animal experiments in order to secure insight into the 
nature of infantile paralysis, the antivivisectionists are having 
more and more difficulty in obtaimng support for their harm- 
ful agitation 

In England where, since 1876, there has been restrictive leg- 
islation against the use of animals for medical and biological 
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research, the aniiviviscction societies tvere not reduced in num- 
ber dieicby but in fact increased, until thcie were a dozen or 
more Restrictive legislation is not sufficient for them, it is the 
camel’s head inside the tent The ultimate puipose of tlie ex- 
tremist IS not to restrict but to abolish the practice It is im- 
moral, dicy declare, to take the lives of lower animals as they 
are taken in die laboratories, even diough mankind is bene- 
fited dierdby— hence no compromise We have been warned 
against following England’s example and strongly advised 
against alloiving even die initial steps of restrictive legislation 
The Committee for die Protection of Medical Research has 
fought die efforts of the antivivisccuonisis to pass hostile bills 
in die legislatures of various eastern states, in Congress, and 
in popular referenda in Colorado and California It is gratify- 
ing to report diat dius far the antivivisectiomsts have not been 
able in die United States to interfere ividi medical investi- 
gators in dieir efforts to increase knoisdedge of disease and to 
discover effective "ways of treating it Widi due precautions 
against die infliction of pain diey are still as free as the experi- 
menters in physics and chemistry to project dieir explorations 
into die dark ranges of ignorance 

The responsibilities of citizenship may not be restricted to 
one’s own community, state, or nation Circumstances extended 
my interest in freedom to a wider scope In 1930, while serving 
as exchange professor to French universities, I motored widi 
members of my family into Spam, in order to meet former stu- 
dents who occupied teaclung positions diere At both Barce- 
lona and Madrid die umversity groups were openly talking of 
a republic At Madrid, die professor of physiology and acting 
dean of die medical school was Juan Negrfn We had ex- 
changed reprints of our scientific papers and "were well ac- 
quainted widi each other’s scientific interests At that time Dr 
Negrin was deeply involved in planning and superintending 
the erection of impressive structures •which, as die University 
City, he hoped to see develop into a center of culture for Span- 
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ish-speaking people throughout the world With enthusiasm he 
showed me the buildings which were already m existence and 
the model of the complete city 

Dr Negrln’s planning for the future contrasted sharply with 
his strong feelings about the recent past and, indeed, about the 
then existing conditions in Spain This contrast was wide- 
spread I first encountered evidences of deep resentment when 
I asked one of my former students about the dictaftor, Primo 
de Rivera, whose regime had ended only a few months pre- 
viously I have never known a simple mquiry to rouse so mani- 
fest a display of intense emotion He turned pale, became 
greatly agitated, and answered me in a voice which quavered 
with pent feeling Such was the effect of despotic government 
on a liberty-loving citizen The behavior of tlie dictator reflected 
on the king While we were in Madrid, Dr Negrfn escorted us 
one day to the Escorial, that forbidding granite structure, part 
monastery, part palace and part mausoleum, in which he the 
bodies of rulers of Spam since tlie middle of the sixteenth cen- 
tury As we stood in the crypt, surrounded by the sepulchers of 
the departed kings and emperors, he quietly turned to us and 
with grim satisfaction drew our attention to the fact that there 
was provision for only one more king The situation in Spain at 
that time was such tliat I wrote to a fnend in the United States 
urging him to watch Spam for momentous developments Al- 
most exactly a year later the municipal elections caused the 
king to take a hint and precipitately leave the country 

In 1935, at an International Physiological Congress, I met 
Dr Negrfn again Meanwhile he had accepted a position in 
the government He did this, so he told me, because he was 
convinced that he could help his country more in public ser- 
vice than in teaching and carrrymg on investigations in the 
medical school I could understand his attitude, for I knew that 
Spam had undergone turbulent experiences since 1931 Early 
in 1936, only a few months after our meeting, the elections oc- 
curred which brought into power the liberal element of the 
Spanish population and roused in the conservative element 
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Democracy During that time we sent to Spam medical per- 
sonnel and surgical instruments, hospital equipment and 
ambulances, amounting m value to more than a rmllion dollars 
Naturally enough I was charged with being a Bolshe\uk, a 
supporter of communism, an enemy of the Roman Catholic 
church, and in general a Red, with all the dark insinuations 
then implied in that term Because of the many letters which 
had to be imtten, the many conferences and committee meet- 
ings which had to be attended, and because of tlie gatlierings 
which had to be addressed in Philadelphia, Detroit, and else- 
where, and also because of the political controversy, this whole 
experience was very time-consuming I do not regret, however, 
having followed the course I have just outlined, I only regret 
that our efforts were not effective in helping at last to achieve 
the common degrees of freedom among a people long held in 
ignorance and economic repression 

After being subjected to much hostile criticism and spending 
much time in doing what I could for the Spanish Loyalists, I 
confess to having felt a sense of satisfaction as I read the testi- 
mony of Sumner Welles in his Time for Decision In 1944, 
eight years after the start of the war in Spain, he admitted that 
many Americans ivere beginning to realize more accurately 
that the real question raised by fascist and nazi policy toward 
that country was whether a popular government, elected by the 
people and representing democratic ideals and aspirations, 
should be overthrown "with impunity, not by revolution inside 
Spain but by the armed forces of Hitler and Mussolini ‘‘In the 
long history of the foreign policy of tlie Roosevelt administra- 
tion,” he concludes, ‘‘there has been, I think, no more cardinal 
error than the policy adopted during the civil war in Spam ” 

Experience in China as a visiting professor at the Peking 
Union Medical School, in 1935, revealed to me a situation 
which resembled that in Spam m 1930 The returned western 
students ivere earnestly desirous of bringing to tlieir native 
land conditions they had observed while studying abroad It 
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seemed to me that a fiesh feiment was at woik m China’s an- 
cient civili 7 ation and that she was on the veige ol an extraor- 
dmaiy nets' develojmient ts’hich would lead to greatly increased 
strength All that the liberal elements asked for in oidei to 
make China independent of foieign invasion was a decade of 
peace in tvliich to bung about the contemplated changes Ob- 
viously Japan beheld the dangers lesident in such delay Al- 
ready the Japanese troops stationed at Peking tvere manifest- 
ing an anogance and effrontei7 in then behavioi toward Chi- , 
nese civilians tliat made my blood boil The pool Chinese, al- 
most helpless peace-lovers, could do notliing to pi event such 
malicious and t^Tannical actions of die little blown men As 
my wife and I were leaving China early in June, 1935, for 
Mukden and for cities in Korea, trainloads of Japanese soldiers 
passed us on their way to the ancient capital The oppressive 
conduct of die Japanese grew woi'se and woise as die months 
passed thereafter, until in June, 1937, they started die war 
which finally brought our country into the global conflict as 
China’s all) It is a satisfaction to me that before the United 
States became a military supporter of the Chinese cause, I ivas 
privileged to help in the services performed by the American 
Bureau for Medical Aid to China and by the United China 
Relief 

One other opportunity for possible usefulness outside the 
laboratory appeared when there was organized an American- 
Sotaet Medical Society I had counted Pavlov as one of my 
friends, and I had odier scientific friends and acquaintances in 
Leningrad and Moscow They were as kind, considerate and 
generous as any I have known The vast social effort in ivliich 
diey tvere engaged was different from diat in which I placed 
my trust, but it ivas directed toward bettering tlie lives of their 
fellow citizens Also tlieir country and mine ivere striving to- 
gether in a supreme effort to end Hitler’s mad slaughter of inno 
cent people and ruthless destruction of precious human values 
The outcome of that struggle would leave us both powerful 
nations, capable of exerting incalculably great influence in 
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favoring peaceful pursuits It seemed to me, therefore, highly 
important that there should be good understanding and good 
will between the people of the United States and the people of 
the Soviet Union So when the presidency of the American-Soviet 
Medical Society was offered to me, I accepted it This I did, not 
with any illusion that a small society would have, directly, great 
influence The fact should be recognized, however, that the 
medical piofession is the most widespread fraternity in the 
, world Doctors are bound together by their common desire and 
common function of mitigating human distress A small asso- 
ciation of doctors, therefore, may have an extensive influence 
because of membership in the big fraternity Admittedly, this 
IS an experiment Since I have been an experimenter through- 
out my professional career, I do not hesitate to try fair possi- 
bilities 

A close relation exists between democracy and science Mod- 
ern democracy developed with industries— as scientific research 
and experimenting and inventing produced multitudes of con- 
trivances, as the contrivances brought people together in popu- 
lous cities and required varieties of skill and intelligence in 
work on technical procedures With increasing density of popu- 
lation, points of contact between individuals and groups multi- 
plied and opportumties for concerted thipking and action for 
common interests greatly increased The natural results were 
free popular education, public hospitals, protection of com- 
munity health, and numerous other well-knoivn consequences 
of the democratic process 

A close relation exists also between liberty and democracy 
One of the finest definitions of democracy was given by a scien- 
tific investigator, Pasteur, when he said that it is "the form of 
government in which everyone is free to do his best for the 
public welfare ” The words express recognition of tlie liberty 
of the individual and they imply recognition of the essential 
organic relations of the individual to the common body politic 
What he does for public welfare has values for all members of 
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CHAPTER XV 


MAKING SCIENCE UNDERSTANDABLE 


Whether a scientific investigator should at any time engage 
in attempting popular education by simplifying accounts of 
what he has done, in order tliat tliey may be understood by the 
laity, is a matter for individual judgment There are good prece- 
dents both for popularizing and for refusing to popularize 
Huxley and Tyndall, for example, by publishing articles of 
general interest, did much during the last century to draw at- 
tention to die scientific fields diey cultivated 

My feeling about public education is based upon a convic- 
tion that It is important for science to be understood in a 
democracy Popular enlightenment is essential Support for 
scientific enterprise comes from private individuals or indus- 
trial organizations or from such public interest as will lead to the 
voting of subventions by legislative bodies In the United States 
there is fortunately among the citizens an increasing compre- 
hension of die motives and methods as well as of die results of 
scientific discovery Widi die belief that there is definite value 
in promoting such comprehension, I have taken time to express 
m popular form accounts of various groups of investigations 
■which have been carried on by me and my collaborators Thus 
the researches on the effects of emotional excitement were pre- 
sented in a manner which could be generally understood in 
Bodily Changes in Pam, Hunger, Fear and Rage, and the stud- 
ies concerned -with the maintenance of steady states in die or- 
ganism were described in The Wisdom of the Body Another 
volume, Digestion and Health, was rvntten with the same in- 
tent It has seemed to me preferable for the invesUgator, him- 
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self, to interpiet his labors to the general public rather than 
running the risk of misinterpretation by the ill-informed 

The attitude I have taken is not common among investi- 
gators Some feel that they aie incapable of ivriting in a style 
suited to the layman, others despise efforts at popularizing sci- 
ence and may even go to tlie evtieme of declaiing tliat such ef- 
forts are piostituting science by an appeal to the mob As I 
have said in the foregoing chapter, however, the investigator is 
bound to recognize that he is also a citizen The argument may 
be urged that because knowledge of science is fundamental to 
intelligent citizenship and therefoie desirable, he should re- 
gard the diffusion of that knowledge as a public duty In Eng- 
land tliere appeals to have been a much earlier recognition of 
tlie imporuince of popular scientific instruction than in the 
United States The Royal Institution, for example, has been, 
since Its foundation in 1799, a place where research of the high- 
est order has been conducted and where also popular lectures 
and demonstrations have been given by the eminent men "who 
have serv'ed as its directors, from Sir Humphry Da\7 tlirough 
Faraday, Dew'ar, Bragg, and odiers to tlie present director. Sir 
Henry H Dale 

In tlie United States there has long been a spreading of scien- 
tific information through tlie Popular Science Monthly (later 
tlie Scientific Monthly) and through Science, which are now 
distributed, one or tlie otlier, to more than 25,000 members of 
the American Association for die Advancement of Science, as 
ivell as to public libraries throughout the country The articles 
in both these publications are in the mam irntten by expert 
investigators, ivho tell about their special interests Further- 
more, m recent years specialized scientific witers have been 
trained who prepare “science columns” for newspapers and in- 
terpret the contributions presented at scientific meetings The 
members of the Science Writers Association take pride in care- 
ful, accurate, and respectful reporting The chief publication 
representative of diis development is the weekly Science News 
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Letter, which goes extensively to tlie public press and to in- 
terested individuals, professional and lay 

In addition to magazines and other periodicals designed to 
instruct the public, there has been also in the Umted States use 
of radiobroadcasting and moving pictures Scienufic investi- 
gators as well as laymen have engaged in these modes of en- 
lightenment That there is still much to be done to spread scien- 
tific learning cannot be too strongly emphasized 

When an mvestigator is engaged in studies which are likely 
to prove useful or entertaimng to the general reader, neivs of 
It may spread and reach tlie ears of representatives of the pub- 
lic press In such circumstances visits from reporters and tele- 
phone calls from newspaper offices are inevitable It has been 
my practice strictly to deny interviews concerning work which 
IS in progress Inquirers have been informed that in due season 
the results of the investigation will be published in a scientific 
periodical and that then the information will be available to all 
interested parties Before the professional science writers began 
to serve newspaper syndicates, mdividual reporters, more en- 
terprising than intelligent and often more imaginative than 
veracious, described as best they could the latest discoveries 
Incidents which occurred in my experience illustrate the re- 
sultant appeal to sensationalism rather than to sensible under- 
standing 

About thirty years ago I reported to the American Physio- 
logical Society that my collaborators and I had found that a 
strong emotion, such as rage, is attended by an increase of 
sugar in the blood At that time the ordinary newspapermen did 
not risk the dreariness of attempting to understand die technical 
proceedings of a scientific meeting On this particular occasion 
there was, however, unknown to me, a reporter in the audi- 
ence The next morning a release from the Associated Press an- 
nounced the astounding information drat “man is sweetest 
when angry ” The dailies from Maine to California spread the 
glad tidings, so that all might know 



M\Kl\f S( II N( 1 I \ni RSI AXDMUl tO.) 

1 hr Inmun <4 tint jiiw> itun win luil lu^lnlcd The old 
priiodu d / iff jMtiiUfd \ ni in indiiv; ii iIk (n end of .i 
fJonnlf It il o>iini t< Td\ (o Hint’ \ limp niuiih to ilu (looi. .in 
hiN lotid wdt irmnktd to In i elimditit "Inh'i lu' NUttt!" In 
Titotlu i ]>nhli< nion t wiiitt piniNtdin-’K tdtnl.ittd ili.it if 
<\ri\lt.vl\ 111 thr 1 niitd stutN itmld lit intM\ oiiit .i month 
Ttid « oidd j'todm ( iluirhv m «unu t of nh” it tin tot il ifeol 
ItNirti WfMild In rmni ill ttilnini' ltn\ tin Nti>< n litiNt 

Ottoiondh in inr\ptii pi»puliti7rt of <-(i(nttli( diNrovtins 
will mr i wool oi pin ut not w ni intt d In ulnl lit li in u id 
tint! Inn i n i idn tIK thr nut Ntn;iioi n k poit 1 \pt rum iiin on 
tin rllrtitif idit n iliitr on i mint It w hit li li itl In t n t \iri nu Iv 
fnifliuti In 1 (pidl\ itprUtd rlttlin d >.timid iiioii Nlitiwtd 
tint ilin pownful nt nt li n dn ininilnhlt piopt 1 1 \ ‘if ijiiit 1 ly 
iholnhitv: thr ( himk tihI itNOtnn'* tin mint It to its oiupn.d 
mpiiinn ciit-Nt Mmimimiit of tin NtiiNin\tt\ iti Ntnintlition 
pjinrd tint I 'ill ill tio'r of ithctidiiit t ill liut 111 i fiw mo 
nictitN IN ire It n if'ttn um tlltti in pnlnpN in hoin oi more 
oftonij'ltit tt't Winn i < n< It nn i< pm it i priiiNint: iNtumtlic 
jontinl t mit upfin thr mule inwhnh tlin tint tnt i\ w in dc 
Naihcti lu wjfiir in ntoiint of tin piottdnit \\hnh w is UNt,d, 
nml hr tlnl nctl tint n pitnrtl nhen dim to In i NidiNtiime fot 
untTiiflNlitp In tin 11 tn Ir nothing ihom 'Ittp h ul hetn imn- 
tiom d 

1 hr it'idtN of thiN 'iiipiiNinu innonnrt nil lit weu imimloiiN 
I ettm jvnnttl into tin Iihoiuon Iioiii dl pirtN tif the tonn- 
tiA wiiiitii In pci-voin who loiiltl not Nlttp .nitl w.intcd nthtn- 
diiK iml tIm) In pmoiiN who fill th it iln\ Nltpt too niiith intl 
w.intcd it to liN'Lii then ippiicnt ncttl Cn toontstN took out 
thill piiitilN inti ”i\t tlitir nniunntion fiic pl.n V mw st\le 
of slnpnif; nr v\in puiuicd with the piNNtii};Lis tninciNin'r tir 
pli^in^ cikIn fir itidint; while tin iiniiii, c.himiir; i c.inifc 
libelcfl ‘ \flrinnhni," .iniioinutN, To’ am, niIi! 1Ii\c )iih 
.idrcn.ihnc''' ' \ in Hire sn f.ntory was displisctl festooned with 
cobuedis bcciiise the new' discovei7 Inti put il out of use 



170 


THE WAY OF AN INVESTIGATOR 


The formation of a Science Writers Association has greatly 
improved the relauons between scientists and the public I feel 
sure that members of that Association would not make the 
mistake of regarding adrenaline as a substitute for sleep and I 
doubt whether they would broadcast the spectacular announce- 
ment that man is sweetest when angry 

The necessary "publicity” m which every scientific investi- 
gator engages when he describes, in an article published m a 
scientific journal, the procedures he has employed and the re- 
sults he has obtained in any given research is not intended for 
public instruction His readers will be scientists, trained as he 
has been trained and consequently familiar with the technical 
vocabulary he employs He makes no effort, therefore, to have 
his description intelligible to the umnstructed It is here that 
the interpreter of science performs his functions, whether he 
IS the investigator who attempts to render his ideas and actions 
intelligible or the skillful lay writer who has learned to under- 
stand die investigator’s meaning 

The chief grievance which die populanzer expresses is that 
the teaching of science in grade schools, high schools, and even 
colleges does not result in a public widi a sufiicient background 
of knowledge to allow understanding of the simplest account 
of new advances This is a deplorable situation For a hundred 
years scientific investigators have been transforming the civi- 
lized world The progress of knowledge in recent times is chiefly 
progress in knowledge of science and the scientific method The 
investigators in physics, in chemistry, and in the medical sci- 
ences have brought about conditions, widiin the life span of 
many now living, that would seem to their fathers nodung 
short of miraculous And yet, in spite' of die amazing trans- 
formations wrought by scientific discoveries, instruction in 
science is still not regarded as an essential part of a balanced 
education The incongruity persists drat a man may be con- 
sidered highly cultivated who has no sound acquaintance with 
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What are some of the general features of science which 
should be set forth as important for popular appreciation of 
what It has to offer? 

First, I ^vould urge the need for instruction in tlie scientific 
type of thinking By this I mean a critical attitude toward 
authoritative statements and an insistence on evidence— evi- 
dence based on reliable observations, on cautious inference, 
and on accurate tests As an example, real discipline in this 
sort of thinking would automatically abolish what, from the 
scientific point of view, is a public scandal— the display and 
sale of magazines on astrology and, in many newspapers 
throughout the United States, the printing of a column devoted 
to personal astrological predictions This utter perversion of 
science is a symptom of tlie confused mental state of large num- 
bers of our people, and is a serious indictment of our popular 
educational system 

“One of the only two articles that remain in my creed of 
life,” ivrote John Dewey, “is that tlie future of our civihzauon 
depends upon the widening spread and deepening hold of the 
scientific habit of mind, and that the problem of problems in 
our education is therefore to discover hoiv to mature and make 
effective this scientific habit. Mankind thus far has been ruled 
by things and by words, not by thought, for until the last few 
moments of history, humanity has not been in possession of 
the conditions of secure and effective thinking If ever 
we are to be governed by intelligence, not by dungs and by 
words, science must have something to say about what we do, 
and not merely about how we may do it most easily and eco- 
nomically And if this consummation is achieved, the trans- 
formation must occur dirough education, by bringing home 
to men’s habitual inclination and attitude die significance of 
genuine knowledge and the full import of die conditions re- 
quired for Its attainment.” 

A feature of science which is not commonly understood and 
which could properly be included in a popularizing program 
IS the esdietic satisfactions it provides Variety and richness of 
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experience are encounteicd in die observation o£ processes or 
in die study of objects, diat can awaken deepest wonder and 
admiiation Albeit Michclson, awaided a Nobel prize for Ins 
researches on light, has testified, “If a poet could at the same 
time be a physicist, he might convey to odiers the pleasure, the 
satisfaction, almost die reverence, which the subject of light 
inspires The esthetic side of the subject is, I confess, by no 
means die least attractive to me ” In physiology the beauties of 
adaption in die organism— die niarv'elous adjustments which 
occur in muscular effort, foi example— never fail to stir my 
endiusiasm -whenever I am called upon to tell about them 
The citizen should know also diat scientists regard die proc- 
esses of nature as in a flux Even die eardi itself is mobile, 
undergoing changes noiv -which it has been undergoing for eons 
past— mountains lifted and tom down, persistent streams carry- 
ing away the land, layers of silt deposited in ocean beds, move- 
ments of glacial ice smoothing rocks in dieir path and bearing 
huge boulders on dieir backs to strange environs And animal 
life, t)'pes of disease, forms of social organization, all are under- 
going alterations In human affairs, science and inventions 
based on scientific discover)' have -ivrought stupendous modifi- 
cations in our daily living In my lifetime I have seen the de- 
velopment of die telephone, die automobile, electric lighting, 
control of infections, radio transmission, the airplane, and 
other minor members of this group of gigantic transformers 
To resent die effects of science, to see it “destroying all the 
simpbcity and gentleness of life, all die beauty of the world— 
restonng barbarism under die mask of civilization, darkening 
men’s minds and hardening dieir hearts,” is to admit an in- 
ability to face realities and make adjustments— precisely the 
functions which distinguish man, widi his superior brain, from 
loiver animals 

A final feature of science whicli I may mention, which is 
litde recognized and which should be a part of die instruction 
given to the public, is what may properly be called its spiritual 
value This is found in the willingness to submit one’s judg- 



174 


THE WAY OF AN INVESTIGATOR 


merit to tire control of facts Or, to put it in more common 
terms, rt is a supreme respect for tire trutlr As Huxley ex- 
pressed It, “Science seems to me to teach m the highest and 
strongest manner the great truth which is embodied in the 
Christian conception of entire surrender to the rvill of God Sit 
dorm before facts as a little child, be prepared to give up every 
preconceived notion, follorv humbly to rvhatever abysses Na- 
ture leads, or you rvill knorv nodring ” If this moral attitude, 
rvlrich inspires die scientific investigator, rvere commonly ac- 
cepted, discrepancies, rvlrich have long prevailed and rvlnch 
have momentous consequences, rvould be resolved I may refer, 
for example, to the evidence drat man did not fall from a state 
of perfection and dierefore does not require to be redeemed, 
instead, dirough a prodigious process of evolution, he has 
gradually risen, m spite of frequent backsliding, from the 
brutish state to higher and higher degrees of civilized develop- 
ment In its spiritual value, therefore, established truth is 
accepted by die man of science drough it may contradict 
long-accepted dogma and tradition By liberating the human 
intelligence from vague fears and apprehensions and from 
authoritative tyranny, science takes a stand sympathetic with 
the humanities 
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FRIENDSHIPS AT HOME AND ABROAD 


rRirsn'^mr’; miunlh ( 1 c\rlnp on ilic of a romniunily of 
nncsnqntoi is likch iliticfou. to lia\o inoic pro 
fcviinml tlnn nonpioltssioml friends. Tlit nonprofcssional 
friends, liovsc\cr. add \^ll^l^ .ind cnrirlnncni of experience 
tint lie so picciniis as to lie sought and duiished I ife in an 
andcinic lonnnnnits (<iriuinttl\ ofTcrs tvreptioinl opponuni- 
tics for the pouih of tniellcanal intiinanes liciucen persons 
of widch didrrciii disciplines It lias been iii) good fortune to 
ln\c as 111) two closest and dealest friends Ralph Barton Berry, 
the pliilosnplui. and OcorRc W Pierre, the ph)sicist Bor many 
decades we have been intimates, in oni pei-sonal relations, m 
our aebemures and in onr e\change of ideas Tims my under- 
standing has been broadened— b) the one toward general con- 
cepLs in the world of \ dues, and b) the other toward sharp dis- 
enminations m the realm of b.isie science 

George Pierce and Ralph Perry weie members of the "Wiclit 
Club, an informal organir-ation of )oung Ilars’ard instructors 
that existed earl) in this century The club was named from a 
picture in StJn/;/rneei»n/v, a little gnomcbkc, red-draped figure, 
standing in a niche .it the roots of a huge tree and with in- 
quiring c)e‘S peering out fiom under its hood It w'as labeled 
“Das II ichl " The Wiclit Club met once a month at a Boston 
hotel and, in mingled seriousness and jocularity, listened to 
one of the members who told about recently developed phases 
of lus academic interest Annually, until they became too nu- 
merous, the reprints of our published papers avere gatliercd 
and bound under the title "Was Wichtiges ” 
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The scientific investigators m the club included, besides 
George Pierce, Gilbert N Lewis, for many years illustrious 
head of the department of chemistry at the University of Cah- 
forma, Robert M Yerkes, the moving spirit in founding the 
station for pnmate biology at Orange Park, Florida, now 
named the Yerkes Laboratory, and Ernest E Southard, neuro- 
pathologist, a whimsical, brilliant, and stimulating leader in 
the advancement of psychiatry Ernest Soutliard’s brief life and 
his exceptional qualities have been described in Frederick P 
Gay’s The Open Mind He was prone to put words to uncom- 
mon uses or to employ odd and unfamiliar words I recall his 
explaining a tiresome speech, to which he had listened, as being 
“too damned homogeneous ’’ A big dictionary, then recently 
published, had a hne through every page separating the usual 
from the unusual words Lewis accused Soutliard of hittmg the 
dictionary below the beltl The friendships established in the 
Wicht Club have continued through the decades, though sepa- 
ration m later years has interfered with the earlier intimacies 

One of my most umque friendships outside the professional 
range, one which I highly prized, was with Ernest Harold 
Baynes, the naturaihst He was a devoted lover of animals, both 
ivild and tame His farm in Vermont ivas a preserve for all 
sorts of creatures Possibly his deepest delight he found in win- 
ning the confidence of wild ammals Birds would fly to him to 
take food from his lips He trained a young buffalo to be driven 
in harness Someone gave him a ivestem praine ivolf which he 
brought up from whelphood to be a domestic ammal This 
particular pet he regarded as a choice companion By chance 
one of his occasional visits to Boston coincided with the open- 
ing of a dog show The fantastic idea occurred to him that it 
would be adventurous to enter the tractable wolf as a com- 
petitor This he did The animal remained on exhibition until 
the judges appeared They were astounded to find tlie strange 
creature in the show and immediately gave orders that it be 
excluded 

The only place to which Mr. Baynes could take his pet dur- 
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ing the few remaining days of his stay in Boston was his hotel 
room Every night he put tlie animal on leash and went for a 
long walk Late one evening, as he was sauntering along the 
central, parked area of Commonwealtli Avenue, tlie wolf sud- 
denly had a convulsion At the very moment of the seizure a 
well-knotvn playboy of one of Boston’s first families happened 
on the scene and asked what tvas the trouble Mr Baynes 
quickly explained the situation 

Thereupon the young man slapped his thigh and exclaimed, 
“I know exactly what’s needed,” and rushed away to the near-by 
apartment of a doctor friend He whistled up tlie speaking tube 
and roused the doctor, who wished to know what was wanted 
The young man shouted excitedly, “There’s a prairie wolf 
having a convulsion on Commonivealth Avenue and I want 
some whiskey for him ” The doctor replied promptly, “I think 
you’ve had enough for tonight You’d better go home and go 
to bed ” 

* 

Because Mr Baynes was a great lover of animals he was 
urged by antivivisectiomsts to support their cause In a spirit 
of fairness he visited the laboratories of experimental medicine 
to learn about the treatment of animals within them He 
emerged from this experience a vigorous defender of ammal 
experimentation 

Though my nonprofessional friendships were more intimate 
than those which developed over my range of scientific activity, 
the latter were much more numerous In 1935, while preparing 
an address for the International Physiological Congress at 
Lemngrad, I calculated that the ratios of physiologists to the 
total population in the United States and m England were 
approximately the same— one to one hundred and thirty thou- 
sand Among the relatively few and scattered physiological 
investigators, there develop international acquaintances, espe- 
cially among those who are working in related fields Thus 
dunng travels or on receiving visitors one may encounter col- 
leagues previously knoivn only through exchanged reprints and 
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letters, whicli now prove to be the basis of lasung and valued 
friendships These friendships may extend into many countries 
It has been my good fortune to enjoy such congenial relations 
on a world-wide scale 

First among my friends in the progression I may mention 
Sir William M Bayliss During the winter of 1917-18, as I have 
already noted, I had the great privilege of working with him 
on a problem of shock Dr Bayliss was a master of scientific 
methods He was always careful to set down immediately the 
details of an experimental procedure, and ivhen that procedure 
was complicated he would record at the time the quality of the 
experiment— whether it was “good” or “poor,” 1 e , whedier all 
went well pr not He was an extraordinarily learned man I 
remember that one day Professor A N Cushny came in from 
his neighboring laboratory of pharmacology to consult, as he 
said, tlie “encyclopedia”, on asking about the structural for- 
mula of an organic compound he received from Dr Bayliss a 
prompt answer, giving tlie formula No other physiologist I 
have known was a more dehghtful companion or had a keener 
appreciation of humor than Sir William At the time we were 
working together. Lady Bayliss, ivho ivas managing a com- 
munity kitchen, reported how rapidly it had been possible to 
feed persons who resorted to it, and tlien commented on the 
meagemess of supplies I told the family tliat this reminded me 
of the boy who was furiously painting a fence When asked why 
he was wielding the brush so rapidly, he replied that he was 
“trying to get the job done before the paint gave out ” Sir 
Wilham’s laughter was quick and hearty 

The mention of Bayliss naturally brings to my memory his 
lifelong collaborator, E H Starling One afternoon during 
World War I, as the three of us were having tea in the labora- 
tory, we were visited by one of my former students He was m 
uniform He sat down with us and, witli excellent poise and 
social ease, participated in the conversation After he had de- 
parted I explained to Bayliss and Starling that the young man 
had once been a newsboy on the streets of Boston His fellow 
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\endors of the dail^ papers recognized his unusual qualities 
and collected a fund uliicli started him in Hart'ard College 
Tlie start was all he needed Thereafter, through scholarships 
won b) brilliant work and tlirough his own efforts at earning 
monc), he made his w’a) both in the College and in the Medical 
Scliool A tra\ehng fellowship gave him opportunity to study 
abroad At tlic time of tlic Msit in London he had already be- 
gun a career which de\ eloped into his being well knowm as an 
expert in diseases of tlie heart and blood vessels Professor 
Starling was deeply interested in tlie stor)' and remarked, “That 
would be difficult in England ” It presented difficulties m the 
United States, but they w’cie otcrcome And tlie achievement 
made me proud of being able to recount it to my English 
fnends 

It i\’as during ^Vorld War I that I became acquainted wuth 
tlie French plqsiologist, Charles Ricliet He i\’as a rather tall, 
gaunt man with a facial expression which seemed to indicate 
inquir). There is no doubt that he w'as an extraordinary “orig- 
inal ” Besides being a physiologist he had wTitten poetry and 
pla)s, had ad\ocated international pacifism, W’as a staunch be- 
liever in what he called “metapsychics” or spiritualism, and 
many years before tlie ^Vrlght brothers had flowm successfully 
he had built an airplane w'hich closely resembled tlie modern 
t^qje As related in a previous chapter, the Nobel prize was 
aivarded to him for his obseri'ations on anaphylaxis Altliough 
Richet himself w'as a pacifist, his sons w'ere active in the war 
One afternoon, wdnle I "was calling on him and we were en- 
gaged in a discussion, he arose and began pacing to and fro in 
the room Finally he turned to me and said, “My dear Cannon, 

I talk of scientific matters but my heart is not in them Three 
days have passed since my aviator son has been heard from I 
am tormented by the thought that he may be alone and suffer- 
ing ” After expressing my deep sympatliy for tlie distracted fa- 
ther I took my leave A feiv days later the papers announced 
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that young Richet had been found dead beside his crashed 
plane 

Although John Fraser was not a physiologist he was a med- 
ical investigator, and in my association with him at B6thune 
during the summer and early autumn of 1917, we studied to- 
gether wounded men who were in shock, we walked together 
through the intncacies and charms of the old Burgundian city, 
discussing as we went, we played nng toss in the court of the 
hospital building, we sang songs with the rest of the group 
around the piano after dinner, and we hurried to the wards 
any time of the day or mght when there was notice that a new 
and serious case had been brought in from the line In a letter 
written home at that time I declared, “No truer friendship 
could grow between two men than that which has developed 
between us ” Dr Fraser was not the only Scot in the group 
There were others, and also there was a hvely Irish padre who 
liked nothing better than to bait them “It’s abominable,’’ he 
would say, “how the Scotch run both sides of this war. Haig 
IS a Scotchman Mackensen, on the other side, is a Scotchman 
And I’ll bet that if you pronounced it right Hindenburg would 
be Hindenboro!’’ One evening the padre remarked that in a 
feiv years he would go to Edinburgh to call on Fraser A portly 
butler would answer at the door “Is Dr Fraser at home?’’ “Do 
you mean Str John Fraser?’’ the butler would reply And the 
padre, all confused, would stammer an apology Dr Fraser 
laughed heartily with the rest of us over this jibe 

About a dozen years later Dr Fraser, then Regius Professor 
of Surgery at the University of Edinburgh, came to tl^e United 
States at a time when I was unable to greet him I saw a notice 
of his visit in which he was referred to as Sir John Fraser At 
once I wrote to him to ask if the padre’s prediction had come 
true, if so, here were my congratulations "Not true,” he wrote 
“The reporters confused surgeon and Sir John ” Not many 
years passed before he was knighted, however, and later he was 
made a baronet Though our paths have seldom crossed, my 
ivarm feeling of friendship for him has lasted through the pass- 
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ing decades and I have rejoiced over die well-deserved recogni- 
uon oC Ills sLeiling qualities 

Already I liave told about my fiiendship with Juan Negrin 
oC the Univeisity o[ Madrid, and its consequences in leading 
me to an interest in the Spanish Republic That is a Ciiendship 
which has continued firm and undimimshed since our first 
meeting in iq3o 'We have actually met only twice during die 
interv'enmg tune, but die recurring holiday season in Decem- 
bei brings a fiiendly message from him I greatly admire him 
foi Ins peisistent confidence in a return of democratic govern- 
ment in Spam 

In 1934, Otto Loewi, whose classic demonstration of the 
chemical mediation of nen'e impulses I have already described, 
accepted an invitation to lecture at die Han'ard Medical 
School That ivas die beginning of a friendship which' has in- 
creased ividi the years His plight when Hitler’s forces seized 
control of Austria brought me into close acquaintance widi die 
persecutions inflicted on scholars by die Germans Besides be- 
ing imprisoned, Dr Loewi was compelled, in die presence of 
die Swedish minister, to sign away to die treasury of the Reich 
the money isdiich he had received as a Nobel laureate and 
which he had left in Stockholm After a while friends arranged 
his escape from Austria, but Ins wife was not allowed to follow 
him for nearly diree years At last they were reunited in New 
York City, where Dr Loewi was given an honorable tide and 
a place to work For some mondis during die winter of 1944, I 
had the pleasure of associating widi him It was very moving to 
hear him express his admiration for the freedom of American 
democracy and for the generous attitude of American people 
toward refugee scholars His endiusiasm, indeed, was at times 
almost embarrassing— I could not believe that we were as won- 
derful as he thought we were 

Professor B A Houssay of Buenos Aires, another fnend for 
whom as a physiologist I have a very high regard, is one of the 
most outstanding contributors to science in the whole South 
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American continent He has trained a host of disciples who have 
spread his influence widely Three of tliem came to work at the 
Harvard laboratory, and in exchange young Harvard investi- 
gators have gone to him for inspiration and special training 
He has been elected to the American Philosophical Society and 
to the National Academy of Sciences It was a great gratifica- 
tion to me when his notable services to science ivere recognized 
^nd he was awarded an honorary degree at the Harvard Ter- 
centenary Celebrauon As men of liberal outlook he and some 
of our former students, who occupied professorial positions in 
Argentina, were among the 150 ivho petitioned the reactionary 
government in 1943 to adhere to democratic processes Grim 
evidence of the willingness of a fascist group to commit intel- 
lectual suicide of tlieir country was displayed when they de- 
prived these professors of their positions as leaders in medical 
research and teaching 

While I was vismng professor of physiology at the Peking 
Union Medical School in 1935, I had the privilege of asso- 
ciating with Professor Robert K S Lim and of working with 
the remarkable group of young Chinese investigators he had 
gathered in the physiological laboratory Dr Lim had his aca- 
demic and medical training at the University of Edinburgh 
and was a Chinese who talked English witli a moderate Scotch 
accent Although China can boast of a very ancient civilization, 
she IS a young nation in recognizing tlie importance of modem 
science Scarcely more than a score of years ago Dr Lim estab- 
lished the first active center for physiological research in his 
native land He also instituted an admirable periodical for 
reporting Chinese contnbuuons to his science. The Chinese 
Journal of Physiology 

Besides being pioneer in a land that had neglected scientific 
methods. Dr Lim has proved himself a devoted citizen and an 
ardent patriot He had already started on a well-earned vacation 
when, in June, iqSVj the Japanese military clique wantonly at- 
tacked the Chinese forces near Peking and thus started the long 
war between the two countries. At once Dr Lim turned back 
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fioni his \ u mon and Ini’an lo apply Ins icin.nkahlc oignni/ing 
Hifts 10 the ))inl)lcin of pnnuling incdiiai and singical caic foi 
the ('hnu'-o ainiN In view of the fati that in all China, with 
Its population of ptihnps font hunched million people, thcic 
nic fewer well named dottois than in the city of New’ Yoik, 
the need foi such .utcniion as Di 1 itn could give to iniliiai^ 
problems is obvious One c)f his most piaisew’oiihy achicv'c- 
mcnis v\ is die (onndmg of moie than a lialf-do 7 cn naming cen- 
tcis wluie voung nun could be t uight the simpler jnoccdures 
icf|tuKd foi the rau of wounded soldicis and foi treating the 
diseises fiom which both solditis and civilims arc likely to suf- 
fei \lthough in the cMgctutes of the situation piopcr funcla- 
mtntal insnurtion acroiding to highest standards, was not pos- 
sible the giaduates of these tiaiiuug centeis hav'c been able to 
pcifonn uigeiitlv tmpoiiant seiwiccs Ameiican doctors attend- 
ing \meriran ttoops in China have bestowed high praise on 
the woik done bv the men tattght in Di Lim’s schools It is 
altogether jirobablc tint these schools will c\cicisc throughout 
the ('hinest population a potent influence favorable to recogni- 
tion of the values of modem medicine and surgery 

Dr Lim is the son of a Chinese educator who was president 
of the Univei'sit) of \mo) lie comes, therefore, from intel- 
lectual antecedents and has the chann, the giacious courtesy, 
and the wide leaimng t^jueal of the Chinese scholar Yet, be- 
cause of Ills organizing skill and efficiency he was appointed a 
lieutenant general in the Chinese army On a brief visit to the 
United States, in iqii* addressed the New Yoik Aaidemy 
of Medicine on methods of ichabiliiating mutilated soldiers 
At the end of his sjiccch he icccivcd an ovation— the audience 
expressed their feeling toward him in repeated waves of ap- 
plause I count my friendship with Dr Lim as one of my 
choicest 

No more kind or considerate reception have I had an^’where 
tlian that which I leceived from Professoi Y Satak<^ in Sendai, 
Japan, in 1935 For many years Dr Satakd and his collaboratois 
worked on problems associated with the functioning of the 
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adrenal medulla, a subject on which tlie group at the Han'ard 
Physiological Laboratory had worked for some time previously 
It iviU be recalled that our results were in close agreement 
Exchange of reprints of scientific papers and letters had laid a 
basis for our fellowship and understanding At Sendai, Dr 
Satak^ entertained Mrs Cannon and myself most charmingly 
Among our very dehghtful experiences was participation in 
the quaint and elaborate Japanese tea ceremony, which he ar- 
ranged for us in a dainty little house dedicated to that purpose 
Later, as we went to the station to take the train for Tokyo, we 
ivere surprised and much pleased to find Dr Satak^ and his 
ivife there to bid us goodbye When I look back upon the evi- 
dences of good ivill shown by this gentle Japanese scholar I find 
It impossible to believe that he would approve the brutalities 
and sneaking deceits of the military group which has latterly 
dominated his government 

In certain respects die course of my investigations and those 
of the Russian physiologist, I P Pavlov, underwent a similar 
development For years he and his collaborators studied the 
manner in which the digestive glands operate and are con- 
trolled Because of dissatisfaction with the term "psychic secre- 
tion”— an undefined mental element applied to a physiological 
process— Pavlov ivas turned toward his extraordinarily detailed 
and extensive studies of behavior as determined by what he 
called "conditioned reflexes ” My early studies, likewise, were 
concerned ivitli digestive processes, but with emphasis on tlie 
mechanical effects produced by muscular contractions of the 
stomach and intestines The stoppage of the contractions of tiie 
gastrointesnnal tract in the presence of emotional excitement, 
as tlie reader knows, led me to become interested in the various 
odier ways in ivhich strong emotions can induce changes m the 
organism The similarity of our studies resulted in correspond- 
ence betiveen us At the time of die Russian Revolution, ivhen 
It -was reported diat Pavlov was suffering from inability to get 
food, I was able to collect about two diousand dollars which 
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wi'' •'ini to Piottssoi Rohcu I'liicrsucli, ni lIcl->mg^fors, iv'iili 
tli< niJck iMTtuitni; ill, It li( would usl it to piOMtlc foi Pavlov's 
ncdl' l’a\lo\ ■, von \ I ulnnn Intoi iistiriccl lo ilic gicat value 
of ihiv 0(1 v(.iu In Vnuiu in (olltav;iU‘s 

M\ Invt (lnc(i (.iKonnici with l’n\lo\ was in loe*) lie liad 
roiiK to this tountn wnii his son who spoke c\cellent English 
I'luw h ui sp^nl 1 fiw fh\s in New \oik and weie on die way 
toMsn \tw Until 111(1 Uosion, when they snlTcicd a niosl dis- 
iicssiiii; (vpciiciut At tilt fiiaiid Central Station they tiueied 
an tnipiv (oarli of the New lEneii tiain and w’eic followed by 
iliut lough looking nun Out stood at the door ns a guard 
^\Jlllc tin sou w IS lifiing iht baggage up townid tlic rack, die 
oilui two st'i/td P.nlov and cpiukl) scaiched linn They 
snatehtd tin w ilkt fioin a <oat jiorkti of the dtftnstlcss man- 
lie was iitai Ills SI \ out) foiiiih hii ihtl.i)— and bcfoic anydiing 
roiild he doiit niadt then ts<apt In the wallet was over fifteen 
Inindrtd dollais possihh the itiiinani of the Amtiican contri- 
bution \Iidiinii I’nkn still had soint iiionty, but not much 
Eailur and son (onld onl) tinn bark and seek friends The) 
went to the Rod tfillei Insiitutt and t\plaincd what had hap- 
ptiitd Proftssoi Pa\lo\ wasasmiuli affected b) the indignity 
he had suffered as b\ the loss of Ins inone) \Vhcn asked what 
he would like to do, he s.nd that he wanted to go to Boston 
and afici that pa) a shoii Msit to the Woods Hole Biological 
L.iboniior) Tint done, he wished to leinin to Russia avhcie 
he would be safe’ \i ningcmeiits weie made for him and his 
son to cari) onl the jnogiain as fai as "Woods Hole Meanwhile 
Dr Rich.iid M Pence telc|)honed to me to persuade them to 
accept, as oilier Enrojitans had done, the hospitality of the 
Rockcfellei roundation, it would pennit them to carry out 
their original plans for tiaivel in the United States This I suc- 
ceeded in doing 

I Vividly retail the alert and eager look on Pavlov’s face 
when, at the South Station in Boston, he limped vigorously to- 
avard me, avith outstretched hands After a stop at the Medical 
Sdiool and a brief simcy of the physiological laboratory there. 



i86 THE WAY OF AN imTSTiGATOR 

%ve ^vent to my home in Cambridge In tlie cool house we spent 
tlie hot July afternoon in reading and conversation IVhen eve- 
ning came, we set fortli for tlie Harvard Yard Since my family 
was in New Hampshire tlie house was empty when we left it 
As I closed the door behind me Pavlov inquired, 'AVhere is 
tile ivatcliman?” I explained tliat there ivas no ivatchman See- 
ing my old Ford car in the yard, he remarked, “Someone will 
steal your fine automobile ” When I assured him tiiere was no 
danger of that, he tlireiv up ins hands and exclaimed, “What a 
profound, -what an abysmal difference tliere is betiveen tlie mo- 
rality of New York and the morality of Cambridgel” 

On the way to Woods Hole, Pavlov "conditioned" a word 
for me He spoke a rather simple German whicli I could under- 
stand and tvhich I could fairly match The man sitting in die 
seat in front of us held up a newspaper on -whicli diere ivas a 
large headline, stating that somedimg ivas a fizzle Pavlov 
turned to me and asked, “Was meint das Wort ‘fitzel? Fiasco?” 
I told him diat his surmise ivas correct Since dien I never see 
the double z in a ivord widiout a sudden recall of die tz sound 
which Pavlov gave it, and the pleasant memory of that lively 
and keenly observant old man who sat beside me 

In 1929, Pavlov returned to Cambridge to attend the Inter- 
national Physiological Congress He ivas die hero of die meet- 
' ing Though he was dien eighty years of age, he seemed to 
have limidess energy His presentation of die results of ivork 
in his laboratory and his conversations ivere marked by an 
astounding vigor of speech and intensity of gesticulation A 
side of his nature ivhicli would not be revealed by expression 
of scientific interests appeared when, one evening at my home, 
he was told die tale, whicli is to be die subject of my next chap- 
ter, of an extraordinary series of accidents and misunderstand- 
ings that had alarmed my wife and sent solicitous fnends to 
look for me in die Charles River ^\fiiile odiers ivho heard die 
story "were laughing at die humorous features of the compli- 
cated situation, die old man sat solemnly listening And when 
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CHAPTER XVII 


A DISPLAY OF HUMAN FRAILTIES 

This chapter appertains to certain very human qualities of m- 
vestigators— to the forgetfulness of a Physiologist and a Bio- 
chemist, to the ardent interest of a Pathologist, to the hospi- 
tality of a Philosopher, and to the sympathy and good will of 
a Physicist, a Zoologist and a Psychologist— that warped their 
calm and considerate judgments and sent them forth on an 
errand of quixotic gallantry And it especially pertains to the 
unimaginative decision of the Physiologist, the worries of an 
anxious wife, and the wisdom of an Irish bndgetender Ina- 
dentally, it illustrates how, in a world of facts, events can occur 
so perfectly linked in a complicated senes that, unless authenti- 
cated, the linkage would hardly be accepted as real 

The occasion was a Saturday night in 1907 In the evening 
there was an important meeting of the faculty at the Harvard 
Medical School The Physiologist had telephoned to his home 
that he would not appear for dinner Just before the start of 
the meeting in the faculty room and while conversing with the 
Biochemist, the Physiologist suddenly recalled that he had left 
on his desk the agenda of the evening’s affairs The Biochemist 
simultaneously recalled that he had to go to his office in the 
same building to secure some papers he had forgotten, and he 
offered to pick up the Physiologist’s papers on the way The 
Physiologist then handed him his bunch of keys On returning 
to the faculty room, the Biochemist handed to the Physiologist 
the agenda but forgot to return tlie keys The Physiologist did 
not notice the omission 

The evening’s dehberations were protracted and earnest 
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Afici the meeting adjoin ned the Physiologist and the Patholo- 
gist started auaj fioni the school (ogethei, continuing the ani- 
mated discussion It had not ended when the first streetcar stop 
was reached and the tivo ii.ilked onivaid until they came to 
the Cottage Fann Pudge above the Chailes River In 1907 
streetcais icgiihil) jiasscd over die budge toward Cambridge 
There i\as no cai in sight, however, and the two fiiends de- 
cided to pait The Pathologist moved off towaid Ins home, tlie 
Physiologist continued over tlie deserted bridge until he was 
overtaken by a streetcar, winch he boarded 

"When he reached home he found that, except for a light in 
tlie hall tlie house i\as quite dark He put Ins hand into Ins 
pocket foi Ins kc^s— but they were not diere, he then remem- 
bered that the Biochemist had not returned them He rang die 
doorbell repeatedly, but roused no response Going dien be- 
neath a window of Ins ivife’s bedroom in die second story, 
he picked up some gravel from the walk and threw it against 
die nindonpanc Still no response When he had repeated dns 
effort a number of times without effect, he aptly recalled die in- 
teresting observations of Kohlschuttcr that the depdi of sleep is 
much greater shortly after its beginning dian it is later In fact, 
Kohlschutter’s oi\ti tests of die depth of sleep ivere performed 
by dropping a weight from different heights on a resounding 
plate of metal and finding that more noise was required to 
wake the sleeper during die first hour or two than later The 
obvious strategy for the Physiologist, in die circumstances, was 
to wait until sleep had grown lighter and thereupon to try again 
to rouse the sleeper by ringing the bell or tossing more gravel 
It ivas then about eleven o’clock 

The Physiologist decided, therefore, to idle away die ume 
and return later He walked doivn die silent street until he ap- 
proached die home of die Philosopher It ivas brightly lighted 
From one of die windows smoke was pouring out The situa- 
tion at once attracted die Physiologist He entered die open 
door and found the family mucli alarmed because the papers in 
a "wastebasket had caught fire When die excitement had died 
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doivn the Physiologist explained his situatibn He tvas at once 
invited to spend the night His wife and sister at home were still 
soundly asleep, for a telephone call had just proved ineffective 
They probably ^vould not awaken until morning Because of 
the difficulty of rousing them, acceptance of the Philosopher’s 
invitation seemed to the frustrated Physiologist quite reason- 
able, he could sleep on the couch and return home at day- 
break, before anybody had awakened The Philosopher’s 
motlier inquired of die Physiologist whedier his wife might not 
perhaps wake up in die night and be alarmed not to find her 
husband there 

“Oh, no,” was the confident response, "she is not diat kind 
of person ” 

So the Physiologist lay down and soon sank into peaceful 
slumber 

Now I turn to the other side of diis tale The Physiologist's 
wife and his sister had dinner togedier and, realizing that die 
evening was dieirs alone, decided that it would be pleasant to 
go to a dieater in Boston In order to explain to die Physiolo- 
gist their action, they left a note for him on the neivel post in 
the hall They returned from the theater about half past eleven 
o’clock and were someivhat surprised and disturbed that die 
Physiologist, ivhose domestic habits were eminently reliable, 
had not yet come home For some time they sat waiting for 
him, while they engaged in desultory conversation and in fre- 
quent glances at die clock Midnight came, and slowly minutes 
more passed away, but still no Physiologist The situation ob- 
viously demanded action First the telephone "was put to use 
The Physiologist’s wife learned from various members of the 
faculty, who were roused from their slumber, that the Physiolo- 
gist had been seen walking away from the meeting with the 
Padiologist The Pathologist, likewise roused, reported that the 
Physiologist was last obscrv'ed as he started across the Cottage 
Farm Bridge One after anodier, die hospitals vere canvassed 
for emergency cases of accident or injury, the streetcar com- 
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Tin vuidmon tlr\s nhiojjtd tli.n iin du ‘•nl\( the. nnstcr). 
n(t\\ f>ri < Miin . :i nci Ml irpmud ihu ilu niglit had been 
\rjv <pnri uid \Mibom <]i'.unbin(r 

1 iir <n ipj'rniinr n tlir hmli'c Iiou(\(j <«i ( nicd ominous 
I }k ir < n muK \\ r, r ^inpK loin « lu nnnniK I s \ Rw d.ns jirc 
\unni\ ibr I’lnnolo m ln<l r\phinrd lo lin \\ifo liiat )u was 
pjrpiMU’ ibr pirmiutii on hn lif( nnm imc and iliai if .tti)- 
ibin,’ 'boiild Jnjinm lo Imn hrfojc ilir d i\ ilit pnincili fell 
<bir. 'be Tvis lo iltr pirnnum n Well IS ilic unuranct 

1 ui:briin<iir ibr I’ln Molo'*ni, life iinin .uioilui iincsiij’aior, 
V TV subjo i lo uj>s Old doutn r\t iiriiirnis and dijucssions, do- 
priubn • upon ibr nn in uliirb bn rsmkIus ncic going 
dltcx Jiid n<'i brrii cotnt’ al«»/<lhri smonilih foi some uccks 
\v tbr ujfr iltoti dll of ib< ( <*ingc 1 tnu bridge and die 
Clinics Unn, ibrsr iiiciiiojirs bd lo daik forthodings She 
irh ‘be mini )n\c die lotiinrl of (iicmls 

N<u f n n\ n Inrd du rinsuni Tim v ife of the Plpsiolo 
gnt Irniiig lin snt< r lo lUcnd lo the Klcplione ai home, went 
u* asl dir IMnsunts »d\itc It nas dicn about one o'clock in 
the mojjijiR’ ''lie ns lUiitil the I’lnsuni told linn the whole 
sioi\, in<l ns iiu-<l bn judgment In the spiritless voice of one 
lindh an dt, lit sud, I in som. but I can't offci )0U much 
liojiL ' Ht agittd, Innsisti, to duss, collect olhci friends, and 
go with hti to tilt fiieful budge 

TJit\ pnstd du rinlosophei's house without stopping, bc- 
enne thev had hend that one of the elnldrcn was ill and that 
the eider mtmbeis of the family were woin out taking care of 
him It was onl> kind md considenue, theieforc, to spare die 
IMiilosojiher I he next prison to be awakened and told the sad 
tale was the Zoologist, lie was soon leady to accompany them 
The three then went to the home of the Psychologist When 
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his aivareness i\as well established and he had heard the stor), 
he dressed and joined the group No streetcars were running 
There was no ivay of reaching die bridge except by ivalking 
about two miles As diey drew pear it, die Psychologist, ivho 
had dioughtfully brought along a candle, lighted it now and 
again to peer into dark places behind fences and in cellanvays, 
searching for a corpse When the party reached the bridge die 
Psychologist, nois^ impressed by die importance of finding the 
floating body, stepped into a small boat on the nverbank and 
poled himself out into the stream He examined caiefiilly the 
shores below the budge and poked among the piles diat served 
iis Its support The boat ivas pardy full of oily and muddy water 
The Psychologist in his eagerness paid no attention to that cir- 
cumstance until the next day when he noted the rings of black 
stain diat had ruined his trousers— one of the minor disasteis of 
die Physiologist’s disappearance 

The Zoologist had recently been reading The Adventures of 
Sherlock Holmes and had been convinced diat by thorough 
analysis and scrupulous study of die evidence any mystery could 
be solved The important matter was to map out the bridge 
into definite areas and then to examine in detail each of the 
areas for signs of a struggle This he did widi great care The 
results ivere not reivarding 

Somehoiv die uimor that the Physiologist had mysteriously 
disappeared from the Cottage Farm Bridge had spread until it 
reached two medical students As dawn ivas breaking they ar- 
rived and, taking in the situation at a glance, they noted that 
the tide in the river had long been rising Filled with pride in 
their shrewd observation they argued diat die body should not 
be sought immediately under the bridge or doivnstream, as the 
Psychologist had done, but rather, upstream Accordingly they 
made dicir way along the miry and sedgy banks of the Charles 
for a considerable distance, accumulating filth on shoes and 
clothing but finding no eiidcncc for dieir theory 

The searchers on and near the bridge ivere joined after a 
time by the Irish bridgetender and a companion, to i\hom they 
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told the sioiy of tlieii seaich He made light of then anxiety 
and pointed out that it ivas Saturday night The investigators 
were somewhat mystified by die explanatoiy implication of 
“Sattidy night ” Slowly it dawned that the bridgetender had 
associates to ivhom Saturday night offered opportunity for a 
different soit of behavior dian is penmtted on odiei mghts 

“Probably he’s gone wiUi some friends to have a drink,” he 
said 

“Oil, but he doesn’t dunk,” protested the Physiologist’s wife 

“You say he’s a doctor?” answered die bridgetender “They 
know lots of dungs to take ” 

The bridgetender’s companion was more s^anpadietic “Don’t 
you irorry,” he said, “I knoir just hoiv you feel My brother dis- 
appeared foi more than two iveeks, but I found him He was 
safe in a hospital ividi bodi legs cut off ” 

At last the Physicist, the Zoologist, and Psychologist and die 
Physiologist’s wife beoime hopeless, and they ivearily trudged 
die long distance back to their homes Friends had gadiered at 
die house of the Physiologist to offer such consolation as was 
possible in so tragic a situation Food and stimulants were 
brought to the worn and distracted wife, her hands were held 
by s}Tnpadietic and solicitous comforters, and tender words of 
consolation ivere spoken to her 

This melancholy scene was interrupted by a ring at the door- 
bell The Physiologist, refreshed by a good night’s sleep, had 
awakened early, had quiedy risen, and had hastened to his 
home Hardly was the door opened by his sister, fully dressed, 
before he heard his name shouted by her, three times, at the 
top of her voice Mystified faces peered over the balustrade and 
gazed in stupefaction from parlor and kitchen There was a 
scurry of footsteps in a room above, his wife rushed precipi- 
tately down the stairs and, as indignant as she was pleased, 
threw herself into his arms 

The newspaper reporters did not let the incident pass unno- 
ticed They had consulted the police and learned vaguely what 
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had happened In an account published tlie next day the dis- 
appearance of a Harvard professor was described, and the state- 
ment ended, “The explanation given was that he spent the 
mght at the home of a fnend ” 

This unusual series of incidents made a chain die links of 
which held tightly There were at least sixteen points at ivliich 
a break in the chain would have avoided a tragicomedy, an 
anxious mght, and hours of painful search by a group of so- 
licitous friends Not a break occurred Every one of diem can 
be thoroughly vouched for The remarkable senes clearly 
proves that facts are sometimes as strange and unlikely in their 
relations as are any fancies of the imagination 

The foregoing story is included in this volume on traits of 
investigators in order to disclose both their frailties and their 
benevolence The forgetful Physiologist allowed his knowledge 
to lead him astray when he laid too much emphasis on the 
early depth of sleep He went sadly wrong again in assuming 
that he would not be missed if he remained away from his 
home And the hardy company of explorers who spent hours 
of the night tramping to the suspected bridge and searching 
the black waters beneath it did not carefully consider the char- 
acter of the Physiologist nor the testimony of all the agencies 
which were consulted that nothing harmful had happened that 
night To tlie credit of their sympathy they succumbed to the 
anxieties of the Physiologist’s wife 'the judgment of all of 
them in affairs of the laboratory was excellent, but in a social 
situation emotional elements were allowed to exercise an over- 
whelming influence Only the bridgetender seems to have pre- 
‘ served a wise attitude, for he remarked, after hearing tire tale 
from the ivomed explorers, “Wliy don’t you give a man a 
chance to come home?” 
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i») pm^m! «»1 ui iDiijiii,; ijoh )i ad ]>i timvr < ii< iiimiancc: per 
'^iMrJil Mjnitt 'rriii'' ihr ojih vijisf ii loj \ n of <pcrjflitij; tilJic 
It J'^ JJuJr\\nnh\, 5 !nJ Jlllriur tppllt lUnjI ln'> elifft H. IJl cfTcCtS OH 
jKjninv ‘..luv'c jjuirj du\r litimui ucs ilum Simu ihcic arc so 
(a\<<nlil\ <11 tm?o<l ilnj i!»r\ l(r<oinr tiled as ilu\ properly 
*li<<t»!d ajvJ \lr t<'aiprllcd to stop 1»\ sheer failure* of thetr 
hi mis to npri atr Othris their uc \\liosr e T^e iiu ss and cndca\- 
e»j-s hnomr dl the nioir finrc the lonuer thc\ persist in an cv 
eiiint^tlnsr J lnpj>rn to helonu in tins litter gionp li) great 
good fonunr tn\ nnnii'ir to (a>rncha J unes blessed me with 
a elcvoicd loiimrlot md eomjunion who, wiseh ind e*\))crtly, 
1 iirw’ when i<» loovrii ms gup on tlfms in the lahoiatoiy and 
einw me iw o (<t stimhnie imi icfieshing exploits In my sane 
penods she md I lu\e the sum ideas of cnjtn able recreation— 
fmibng novel idventiius m \igoions outdoor sports We began 
this son of retreatton fmm the stait of out life togctlier and 
have lesoiteel to it often ever sinec 

Cinoting md mount on elimbing were continued as div'cr- 
sions dming the t ulv ve ir* of ni) profession d career Paddling 
a canoe along i s\lv m stream and masteiing a conspicuous 
height boih bring revsards in mcmoiablc pleasures Around 
the next curve in a meandering river there is likely to be somc- 
tbmg new ind enebanung— a deer dunking at the brink or a 
family of ducklings sw’imnnng along serenely, led by the 
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motlier bird And at each stop on a trail up a mountainside 
the glory of ivide vistas is an exhilarating reward for tlie effort 
I have canoed not only on the sluggish waters of the Charles 
near Boston but also on the mid currents of Minnesota and 
Wisconsin streams Canoeing on the ocean offers excitements 
ivhich tlie quiet ivaters of a river or of a small lake do not af- 
ford This IS especially true when the uneasy surface of the sea 
IS expressed in long siveeping swells The tiny craft is then re- 
peatedly lifted to tremulous heights, only to be dropped to 
depths which make the oncoming roller appear ominous and 
engulfing It is a stimng sport, but not to be engaged in with- 
out due caution Wherever one may be, there is a thnll that 
comes as one strikes his paddle into the water and feels the 
quick response of the light craft, which "a hand may launch, a 
hand restrain ” The attractions of driving onward in a canoe 
offer an almost irresistible invitation whenever that opportu- 
nity IS presented 

In 1903, my ivife and I were in England on our way to at- 
tend a meeung of tlie British Association for the Advancement 
of Science As we were wandering about Oxford we stumbled 
upon a Canadian canoe at a boatliouse on the Thames Here 
was a cliancel We found that ive could rent the canoe for a 
tnp doivn the river and could easily ship it back from any point 
tliat might be convenient We clinched the bargain then and 
there, put oui meager baggage into the bark, and pushed off 

Along the quiet stream we paddled, passing the heavy punts 
in -which young people -were enjoying diemselves, and -we won- 
dered ivhy they preferred to pole their ivay slowly instead of 
flitting along as ive did in our lighter craft Soon we ivere go- 
ing by tlie loveliest possible laivns which sivept back from the 
river’s edge to stately houses set among magnificent old trees 
At one point -we were surprised to see a typical Venetian gon- 
dola with a gondolier, in black suit and red sash, standing at 
tlie stem and, in leisurely swings of his body, propelling down- 
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ncntl rvi'rnmi r W hrn Kr rntrird llir rinlonnr at llic nppn 
5c\rl n{ ihr Kun ilir ItvJ nn‘^trr piotnpih apjKTud and in* 
fn'int'ii n« dn* a fr\v prnir Krir irfjnnrtl to Ici ns dn\\n Soon 
dir rnrv vncic rln-rd I'rlninl m anti wr fell onrsches slowly 
Mid nif; nnti) wr weir rninrh 'uimnntlcd b) the pini walls 
and j Tirt ,j, j bn, r <jTr3 brt\ I hrn ibe lower gales m.ijcs- 
lualK npri'rd and *r: n^ (jrr I hr r\.pi t irnrc, wluncscr it was 
lepraird av nnjMr'MVr I be \olntnr of water in the lock 
‘ceaird ’o p od) sonipaird iMib llie inn ranoc asliuli was 
brnv b Wfjed dial nr\ri fell tpnie irfonulcd lo ibc huge 
dull teijnned in older ibat we niirlii po onward The lock 
Irrprn lunseVei. ab' nv ap]>rarcd tjUile satisfied as long as we 
joni the Minll fee \nd wnh a s.a\c of fircwcll we would slip 
awa\ 

^^*}^cn we inched ibr bntoin Hrnles conjse ilicrc was a 
sinnii'; Wind b]oi>ni’ ai om bitls \s a prt( niiion against the 
sscathri wc hid lnon"Iu wnh ns \ Inge, strong family inn- 
brdla 'Die win <if ining lln ninhiella as a siil a\as naiural 
enough In oicVi kj pi event the wind from iniTiing it inside 
out I f oicncd the ends of the iibs to the handle with string 
Mv Wife seated in the how ctf the canoe, held the umbrella in 
from of bci at tbc stem 1 ctnj>lo>ed the paddle as a rndder 
^*Juls c<jm])j>rtl V c v.cm speeding over the Henley course Un- 
fonunatch wc did not know ibe exact starting point nor the 
location of the goal We were unable to report, therefore, 
wlicihtr tsc ni idc .t rcrorel run which should be registered in 
the books, but ten nnl) we tnversed the stretch of water at 
high speed 

Our Ilnedcktr wanied jiersons boating on tbc Thames to 
“heware of the weirs and lashers " A notion of die meaning of 
weirs was not bejond us But lashers were somctlung new' In 
order to obtain enlightenment wc stopped our paddling m 
front of an elderly man who sat on the bank, holding a pole, 
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and patiently awaiting a nibble I asked him if he would kindly 
tell me the difference between a weir and a lasher He pushed 
back his tattered straw hat, removed the pipe from his mouth, 
rubbed his chin with the back of his hand, and remarked sen- 
tenUously, “Why, one’s a weir and Mother’s a lasher ’’ To this 
day I do not know what a lasher is— and would not for worlds 
inquire further 

On Sunday evening we reached the enchanUng English vil- 
lage of Marlow and decided to spend the night there Leaving 
the canoe at a boathouse near the bridge, we walked along the 
main street toward the village inn. As we approached the inn 
a man emerged from its portal, walked to a neighboring build- 
ing, and began to pull a rope and ring a bell When we came 
up to him, he informed us that he was the innkeeper but that 
there was a fire and we should have to wait until the firemen 
were started before he could attend to us He continued ring- 
ing the bell for some time Finally a man appeared, dressed in 
a greenish blue uniform with trousers tucked in high boots 
As he opened tlie doors of what proved to be the fire-engine 
house adjoining the inn, he remarked casually that someone 
should go for horses A youth standing near volunteered for 
that service and ran off Meanwhile another man in uniform 
came up and the two lifted the heavy tongue of the fire engine 
and set it in place Then they pulled off from the wall a large 
sheet which covered brass-buckled harness Soon a hack drawn 
by two horses was driven into the scene The horses were un- 
hitched, their harness was removed and replaced by the brassy 
harness taken from the wall Then they were backed into posi- 
tion in front of the fire engine and fastened in place There- 
upon they were led forth so that the engine was in the clear 
outside the house Meanwhile other uniformed and booted 
men had gathered One of them climbed to the top of the en- 
gine while the others lined up beside it The man on the 
engine then tossed to each man on the ground a green bag con- 
taining a heavy object The bags were carefully opened and 
from each there was withdraivn a brass helmet in a high state 
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noticing the trail of rust on the bare rocks, where hobnails 
had left their particles which had turned red, did we find our 
way to the worn path leading downward As we descended, 
swirls of mist would occasionally reveal high cliffs on one side 
and a deep abyss on the other 

On our way we came to two rude stone huts Birds flew 
away from one of them and we hastily concluded that the huts 
must be empty. Soon we were startled to hear sounds from 
within the larger hut, our apprehensions promptly subsided, 
however, when soldiers in Italian umform emerged They were 
the border guards One of the soldiers offered to guide us on 
our way, but we gratefully turned the offer aside and continued 
by ourselves It might have been better if we had accepted the 
soldier’s offer, for we soon entered a larch wood where, in the 
evening shadow of Monte Rosa, it was so dark that ive could 
not see tlie path but had to shuffle along in its depression, feel- 
ing the way with our feet Finally we reached the end of the 
wood and in spite of the darkness could see the path as a lighter 
band distinguishable from the ground on either side We were 
then in high hopes of being near to the end of our journey, 
until we heard far below us the faint ringing of a church bell 
Hours passed, however, before we stumbled into the hotel at 
Macugnaga, thoroughly exhausted I have always regretted not 
having seen the famous eastern face of Monte Rosa 

Tramping m the New England mountains is a milder, less 
vigorous sport than in the higher and rockier ranges of our 
West or of Switzerland Although less exacting, they provide 
opportunities for good exercise, glorious views, and the lasting 
satisfactions of pleasant companionship I enjoy very happy 
memories of tramping in the New Hampshire and Vermont 
mountains with Ralph Perry, philosopher, with David Edsall, 
physiaan, and with Harvey Cushing, John Hartwell, and Fred 
Murphy, surgeons With the last three I once had a toilsome 
adventure in an excursion from the old Profile House over the 
mountain which bears the Great Stone Face, to a spot which on 
tlie map is labeled Lonesome Lake It was reported that no one 
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had gone tliat ivay for six decades The descent of a cliff by 
pulling treetops toivard us and clambering doivn the trunks, 
and tlie later fierce struggle tlirough a tangle of blown-down 
pines, dry and stiff 'with age, and tlirough thick underbrush, 
ivas too strenuous for any of us at our years Dr Murphy and 
Dr Hartirell, former Yale football players, testified that die 
demands on strengdi and endurance equaled diose of a first- 
rate football game A trip ivhicli we diought might take three 
hours occupied in fact more dian tivice diat time It left us 
■with sucli holes in our clothing as to require us to deploy in a 
special formation •^vdien 'we approached the hotel 

Avocations of later years have been less strenuous Elscivhere 
I have mentioned boyhood acquaintance with the use of car- 
penter’s tools The making of furniture— tables, bookcases, 
couclies, and desks— has proved bodi a useful and an enjoyable 
diversion The employment of one’s skill in making objects 
■which have practical use is a great satisfaction, for diey are 
fairly permanent evidences of temporary activity Gardening 
offers another sort of satisfaction, in providing hopefulness and 
anticipation Joseph Jefferson once testified to die pleasures of 
gardening for an old man, it invited him to look forward from 
the spring ivhen he plants the seeds to die autumn when he 
garners the crops, and thence to the spring again while he plans 
for die coming season He can always hope to live each short 
interval as he edges along to his final days The disadvantage 
of gardening is the necessity of keeping it "wed,” as the New 
Hampshire farmers put it And if ■witch grass creeps in, there is 
endless attention that must be given to prevent die ovenvhelm- 
ing of the planted seeds by the totahtarian grass 

An advantage of gardening, especially if one has to spend 
considerable time cultivating growing things, is the opportu- 
nity It offers for meditation In former times, when the ox cart 
was a means of locomotion or even in horse-and-buggy days, die 
slow movement from place to place yielded time for ideas to 
be ruminated and mellowed and for fresh es- 
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tabhshed among them It is said that the physiologist, Goltz, 
testified that his most important work was done while he was 
fishing As he waited for the fish to bite, plans for experiments 
were gradually elaborated He had freedom to think of the con- 
sequences of a possible result of one sort or of possible results 
of other sorts, coming from an experimental test, until he had 
so refined and hmited the procedure that the experiment when 
performed would have critical value Gardenmg, as one quietly 
engages in it, presents the same detachment from distracting 
affairs that fishing does and allows central interests to come to 
the surface of consciousness and to be appreciated 

Some years ago I was advised to take life more easily during 
the summer vacation than I had been in the habit of doing It 
happened that my children had been inspired to engage in 
modeling in clay through an interest taken in them by a neigh- 
bor, Miss Louisa Eyre, the sculptress I decided that this was a 
sufficiently different pursuit from that to which I was accus- 
tomed, to qualify as recreation The softemng of the clay, the 
arrangement of supporting structures, and the imtial stages of 
outlimng a head and neck proved fascinating My first model 
was a httle girl of five years who could be persuaded to pose 
only by being permitted to chew gum This situation presented 
difficulties as the tune was reached for modehng the face and 
especially the mouth When I appealed to the child to stop 
the chewing motion for a few moments while I caught her face 
in repose, she insisted on parking the gum under her upper 
lip The result of my efforts was recognizable as human but 
hardly as a striking likeness If I had been more skillful I sup- 
pose I might have caught her in her act so that the hkeness 
could have been labeled, “Little Girl Chewing Gum ’’ 

Later I was more successful, in making a portrait bust of 
my youngest daughter, Helen She had to be bribed with siveet 
chocolate but she ate it between poses, accordingly it did not 
have the baneful effects of the more persistent gum As may be 
knoivn to some readers, there exist in a number of cities of the 
country physicians’ art associations These groups periodically 
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by the ordinary detecuve story, for that seems to be a solace 
during the idle hours of many of my betters So frequendy, 
however, the means of identifying the culprit are trivial and 
incidental or quite misleading, that when the story ends I feel 
that I have been less entertained than tricked 
During my years as a student at die Harvard Medical School 
I was a proctor in the old Foxcroft House, then partly used as 
a dormitory One day an ingenuous and confiding undergrad- 
uate sat doivn in my room and told me that his father had im- 
pressed upon him the importance of avoiding the sowing of 
wild oats in order that he might have a good chance later of 
playing with his cliildren That, the father had explained, was 
one of the greatest joys life would grant This prediction I have 
found to be true Fortunately the simple diversions I have en- 
joyed— working with tools, making kites and little boats and 
doll houses, modeling clay, canoeing, and tramping in the hills 
—are such as can be shared joyously with the young To see in 
my children expressions of delight in the occupations ivhich 
have given delight to me is deeply gratifying and die shared 
enjoyments establish bonds of companionship which have per- 
manent and incalculable values 

If, perchance, one’s powers of application and endurance 
ivane as die years pass by, one may take comfort in a resort to 
diversions which have been cultivated during earlier periods 
Not infrequently an investigator who has developed gentle 
hobbies as diversions has been compelled in middle age to sur- 
render them because of lack of time Return to diem in the 
freedom of the final years offers a renewal of the interests of 
youth and gives solace and recreation when odier possibilities 
are fading away 
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discovery can understand how he must have felt as he burst 
into triumphant exultation 

"What I prophesied two-and-twenty years ago, that for whicli I 
devoted die best part of my life to astronomical contemplauons, I 
have brought to light and recognized its truth beyond my most 
sanguine expectations It is not eighteen months since I got die 
first glimpse of light, three months since the daivn, very few days 
since the unveiled sun burst upon me Nothing holds me, I ivill 
indulge my sacred fury If you forgive me, I rejoice, if you are 
angry, I can bear it The the is cast, the book is ivritten, to be 
read either now or by posterity, I care not which It may ivell wait 
a century for a reader, as God has waited six diousand years for 
an observer 

A similar emotion of delight overwhelmed Pasteur when he 
separated optically active crystals of a substance into tivo modi- 
fications of identical chemical compositions but of different 
physical properties— a discovery which formed the basis for the 
great field of stereochenustry He was so deeply moved that he 
left his laboratory, “seeking for someone to whom he could 
communicate the joy in his mind ” 

The marvel of beholding for the first bme a fresh aspect of 
nature fascinates the investigator and, even dirough privation 
and struggle and repeated disappointments, the possibility 
tends to hold him strictly to tlie search This single-mindedness 
in striving for neiv knowledge involves a large degree of neglect 
of the motives for money-getting After all, new knoivledge— 
knowledge in its unprofitable infancy— obviously does not pos- 
sess commercial value The vast majority of mankind are well 
satisfied mtli what they know There is no demand from them 
tliat their relative ignorance be increased by further additions 
to the accumulated informauon available to the race* During 
nearly tiventy years the Dutch botanist, De Vnes, investigated 
the origin of variations in plants His discoveries tlirew mucli 
light on the processes of biological evolution If money were 
the mouve, who -would labor tiventy years in order at the end 
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to publish a book which only university libraries and a few 
meagcrly paid biologists ivould caie to buy? 

No intelligent pcison would foi a moment tliink that re- 
search in “puie” science, which has been motivated by personal 
curiosity and which, though satisfying that cunosity, has not re- 
sulted in immediately useful discoveries, is destined to have 
little or no economic value There are too many examples all 
about us illustrating the fact that increased knoivledge of na- 
ture yields inci eased power over her processes The mathemat- 
ical piedictions of MaMvcll and tlie experiments of Hertz made 
possible the elaborate modem development of wireless trans- 
mission which bungs news and entertainment to myriads of 
homes and protects the lives of travelers on land and sea The 
tv o men were not concerned witli possible commercial value of 
tlieir studies The motive impelling tliem was die scientific mo- 
tive, die desire for undci*standing Such men may be grateful 
diat accumulated ivealdi gave diem leisure to carry on their 
investigations, free from the worries of uncertain livelihood, 
but diey ivould look upon eagerness for money without envy 
This attitude should not be regarded as implying a claim of 
moral supenonty, for die investigator is in the happy position 
of doing his specially ciiosen work and receiving a livelihood 
in addition This livelihood is not lavish, to be sure, if it is suf- 
ficient to meet the simple requirements and tastes of die in- 
vestigator and his family, it is enough 

A story attributed to die late William J 'Mayo, famous sur- 
geon, illustrates die range of compensation of various groups in 
die medical profession As he approached the place where a 
meeung of doctors was being held, he saw some elegant limou- 
sines and remarked, “The surgeons have arrived ” Then he saw 
some cheaper cars and said, “The physicians are here, too ’’ A 
few scattered model-T Fords led him to infer diat there were 
pathologists present And when he saw a row of overshoes in- 
side, under die hat rack, he is reported to have remarked, “Ah, 
I see there are laboratory men here ” Aldiough members of die 
same faculty, I have rarely heard the “laboratory men” express 
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en \7 of the surgeons and the physicians (harassed by duties to 
hospital trustees, to patients and anxious relatives, to tlie med- 
ical school organization, to students, and' finally to research in- 
terests) for tlie greater money return which tliey receive Many 
years ago, at a dinner attended by some physicians and sur- 
geons, the conversation turned to what each of them ivould do 
if he had all the money he wanted One of tlie surgeons turned 
to me and asked me ivhat I would do I remember diat I an- 
sivered, “I have all the money I want My wife gives me ten 
dollars a month and tvith that I pay my carfare, buy my lunches, 
and get my hair cut ” This reply, which amused my compan- 
ions, was a simple statement of fact In compensation for smaller 
incomes the laboratory men have security of tenure in their ap- 
pointments, commonly a pension on retiring, and, besides, an 
allotment of free time for investigation The last advantage is 
of highest value When one of my colleagues, Otto Folin, and 
I were offered elsewhere salaries three times the amount we had 
been receiving, we did not feel tliat we were making a sacrifice 
by refusing the increased pay, we chose to remain where we 
were assured complete liberty in following our personal re- 
search programs 

I do not claim that all investigators at all times can be indif- 
ferent to betterment of tlieir financial status They may have 
been accustomed to expensive ways which are hard to change, 
tliey may have growing families which become costly, and they 
may have dependents who fall ill and therefore necessitate earn- 
ing more money These conditions are especially influential on 
young investigators ivho have given “hostages to fortune ” Op- 
portunities for meeting oppressive costs may be offered in 
higher salaries paid by hospital, municipal, and state labora- 
tories, by medical institutes and by pharmaceutical establish- 
ments President Conant of Harvard University, addressing 
members of tlie American Chemical Society, warned them of 
risks which might ensue from inconsiderate continuance of 
such transfers 
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histone lectureships In so far as these tnbutes ofEer opportuni- 
ties for meeting with fellow scientists and exchanging with 
them ideas and reports of achievements, they present a pleasant 
form of recognition of the efforts the investigator has made to 
promote his science 

Fame as a reward of scientific endeavor is not to be relied 
upon There are too many instances in human history that 
show only a belated recognition of the importance of observa- 
tions of new phenomena Decades passed before the significance 
of Mendel’s studies on the principles of inheritance was prop- 
erly evaluated Furthermore, widi passing years the names of in- 
vestigators are likely to become incidental and dissociated from 
the work they have done I can regard philosophically the fact 
that already my relation to early use of the Rontgen rays in 
studies of gastrointestinal functions has been largely forgotten 
Possibly indicative of approaching oblivion was an experience 
I had in 1935, when crossing the Pacific on my way to the 
Peking Union Medical School A young student of biology on 
shipboard happened to pick up in the library of tlie ship’s sur- 
geon a book in which there was reference to observations on 
the movements of the alimentary canal made by someone 
named Cannon, in 1897 The young man brought the book to 
me and in all innocence inquired, “Was he your father'^” 

An investigator who has had tlie happy adyantage of receiv- 
ing and training young disciples reaps a nch reward m knoiv- 
ing that those whom he has disciplined have taken positions of 
responsibility and often themselves have established centers of 
influence An example of such gratifying diffusion of a fructify- 
ing influence was offered by Karl Ludwig, who for decades 
made Leipzig a center to which young physiologists were ivel- 
comed without prejudice of geographical or racial origins 
They flocked to his laboratory and were inspired by his exam- 
ple as a single-minded lover of truth Doubtless his students 
contributed to his achievements as he contributed to theirs 
They brought to him willing hands, new points of view, and 
the enthusiasm of youtli, and he gave them tlie benefits of his 
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have already told about motoring through dilapidated Verdun 
with Dr Simon Flexner and die late Dr Alexander Lambert 
on Armistice Day, 1918. An obstruction in the road stopped 
us for a moment before a passageivay leading doim into a cel- 
lar "Willie ive ivaited, up from the darkness came one of my 
former students As I ivas walking along die sideivalk in Hay- 
maiket, London, a taxi screeched to a sudden stop and die 
passenger inside shouted my name and waved to me He ivas 
another of my former students On arriving in Honolulu I ivas 
entertained by two of my students, who showed me die beauties 
of Oahu And on reaching die quay at Shanghai there awaiting 
me was Dr J Heng Liu, an admirable physician irho had been 
taught physiology by me and ivho at the time of my visit ivas 
healdi commissioner of the Chinese Republic When die In- 
ternational Physiological Congress met in Leningrad and Mos- 
cow in 1935, I was at one time surrounded by persons ivho 
had studied physiology at the Harvard Medical Scliool I have 
rejoiced in a warm feeling of being among friends as I have 
gone about the ivorld and happened upon men iMdi idiom I 
had associated in the laboratory and in conferences This is a 
very pleasant return for long years of instruction, a reward 
many an old teacher has enjoyed 

The discoverer in science may justifiably entertain die deeply 
gratifying diought that work well done, observations carefully 
made and recorded, will ultimately combine with odier ob- 
servations, perhaps made long aftenvrard, in forming die body 
of trudi The conquest of yellow^ fever, for example, involved 
die identification of mosquitoes, and diat in turn depended on 
previous descriptions by entomologists who had studied scales 
and veins on die wings, and hairs on die bodies of the insects 
in order to classify diem Litde did diey realize hoiv" dieir de- 
scriptions would fit into die strategy of abolishing a devastating 
disease An investigator may never see the synthesis which 
brings his -work into its relations ivudi die ivmk of others, but 
from historical evidence he can be assured that such may be 
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ni(il'<n<.n hr r xpriirm r<I 1 tlrrji MtlsfutlOll III tilt (IlOllgllt, 
th ii It im hi h'- tl'r inrnis til s»\nu: limn Iniiii ni Ints And 
in l);r jriljij f.} Mird < iJ viriitr )n»i ^irit llliiM lint littl) the 
jo\ ii K oth 111 .* o{ 1' lo.rni nlnii ili«i n;« loni; Mii\in};s to 
scihr thr sn\ in, t>f»!nror thrs^ns the toiniijiuntts of then 
ir^rtnh nid i mild irdi/r tint in tnm Iniiinnits iini;Iil no 
hni Cl hr ooiij^Tti ’ ithjilc'ur nnl pc suit m t nul dintn liopt- 
Irs'K todmh hfinor ol nidnoun I'Hinsof infttiion Similar 
snnf ‘t li.iiis hi\r donhllr's lirtll cVptlltlli id b\ the discovci- 
cis of iiir Ills of otriioimii; th ihclrs ptiiiitiotis aritiiiM, gen- 
ci d pnr n nid mnn mmhrr tlnoidti 

Die me ntl <tf hrlmMim; intlnl t oim tpitiirts of ni) onn 
sciciiiifu •uidirs t iinmi ht ugmltd as git.n, htranse only in 
the toiinnoii me of i hen) jitiwdci nn\td snth food— the 
hninmh me d-io itvril dnoidtis of iht rhgtstne tract when 
it is exiiiniitd iMth the \ ri)s, hast thtit been clear and defi- 
niti tomt tjtitiu es In aiUhtion thtit w is, to be sure, some 
gratilirnitm in finding th n the toopernivt s\ork on wound 
diotk dining World War I and ! uci in the Hansard Physio- 
logital 1 (bornon bid sallies for ibe wounded in AVorld Whar 
II \nd n IS said that our rtscauhos on the bodily effects of 
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emotions have been helpful because they give the doctor perti- 
nent information in explaining to his nervous patients tlie rea- 
sons for their functional disorders All I can testify is that in 
as far as tlie investigations ivitli which I have been concerned 
have had any practical utility, I am much pleased 

Though tlie scientific explorer has no prospect of becoming 
ncli in the worldly sense, as a result of his labors, he certainly 
enjoys a rich life The enthralling pleasures of discovery, the 
opportunity to do what he would rather do tlian anything else 
in the world, the sense of security in his academic position, the 
freedom for study and investigation, the world-wide friend- 
ships, the homage from learned societies, the assurance that 
his efforts in teaching and seeking have social value— all tliese 
satisfactions are his No man could ask for better recompense. 
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What is an investigator’s most creative period? At what time 
of life IS he likely to make his most important contributions? 
R S \Voodtvorth, the psychologist, has declared, “Seldom does 
a very old person get outside the limits of his previous habits 
Few great inventions, artistic or practical, have emanated from 
really old persons, and comparatively few even from the mid- 
dle-aged The period from twenty years up to forty seems 
to be the most favorable for inventiveness ’’ 

Evidence relative to diis question of when, during a scien- 
tific career, investigators are most productive has been brought 
fonvard by Lehman ^ He examined the records of several hun- 
dred noted chemists and the dates of tlieir outstanding contri- 
butions He also studied the most important advances in phys- 
ics dunng the past three centuries and die stages of the 
physicists’ lives at ■which dieir scientific discoveries were made 
Plotting of die average number of contributions each year of 
adulthood resulted in a graph characterized in both instances 
by a sharp rise to ages between diirty and thirty-five and then 
a fairly gradual fall to about die age seventy So far as I have 
been able to learn, diere has not been a similar study of in- 
vestigators who have engaged in experimental biology In med- 
ical history, however, diere are many examples of important 
advances made by men before their diirty-fifdi year Laennec 
invented the stethoscope when thirty-four Both Long and 
Morton began the use of ether as an anesthetic when diey were 

C Lehman, 'The Creative Years in Saence and Literature," Scientific 
Monthly, XLIII (1936), 151 iGa 
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t^venty-seven Banting ivas thirty-one when he discovered in- 
sulin Ehrlich started his revolutionary ivork witli stains when 
he was twenty- three years old Jenner was not yet tlnrty ivhen 
he made his studies on vaccination Semmelweis recognized the 
infectiousness of puerperal fever at tiventy-mne When Claude 
Bernard ivas thirty, he had already started his classic researches 
on the glycogenic function of the liver Von Graefe, at age 
twenty-mne, devised the operation for cleft palate and founded 
modem plastic surgery Many more instances might be cited 
to show that in the years below thirty-five important discover- 
ies and novel activities are common 

It should be recognized that there is a difference betiv^een 
the amount of performance in the early years of maturity and 
the ability to continue respectable performance in later hfe 
In fact there is little proof that at thirty-five productive schol- 
arship IS maximal in quality Lehman found in his study of 
chemists that some individuals do their best work when tliey 
are relatively old, and some do little that is really worth while 
until they are relatively old If an, individual has failed to make 
a notable contribution by the time he has reached thirty-five 
It would be erroneous to assume that he ivill never make such 
a contribution In a study of one hundred chemists recorded 
as each making one notable contribution, Lehman found that 
34 per cent made that contribution after they were forty, 19 
per cent after they had passed fifty, and 5 per cent reported 
their first important research after they had reached fifty-five 
years of age One chemist made his single noteworthy contri- 
bution at the age of sixty-ninel It seems, tlierefore, tliat it 
ivould be fuule to declare that at any particular chronological 
age an investigator’s, or at least a chemist’s, saentific usefulness 
is at an end 

The question naturally arises why statistics indicate a grad- 
ual falling off in scientific productiveness as the decades pass 
from the tliirties to the sixties There is little doubt that with 
advancing age indolence may develop, an indisposition to take 
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Jn [iri'inni ’ m rvpciimruf d *(»nh uhilc rirniin; on an active 
nicdn d pn<inr \n<ti)iri inn ilOr In’iiic nlio hiokt the earlier 
inilnuni and jn nin nnr<I Ins inn stii> nioiis np to the end of 
his Jiff iv IS f I \l>rl. tJir ph mil n o)f);;is(, of Johns Hopkins 
I ni\ciMi\ .Mill iiihri inn dill insiniies of continued and cf- 
feitne piodin inriir's lu Sn Iitdtrn Cuiuland Hopkins, the 
hnithcmisi u C_unlnidec. Inelnuk ulio was still engaged m 
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ce'durcs \noihei condition is ilic jarcscnation of a habit of 
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open-mindedness and a willingness to pay attention to novel 
suggestions which reading or imagination may provide Variety 
of early experience is also likely to be favorable, because it 
offers a diversity of ways in which one may look at a given 
problem, and also an acquaintance with diverse methods of 
solving the problem that may make the soluUon actually tempt- 
ing Still another advantageous circumstance is the continued 
intellectual stimulation which an investigator may have in his 
associations with eager young men who come to him for sug- 
gestions and guidance All these conditions are helpful in keep- 
ing the elderly investigator “outside the limits of his previous 
habits ” 

It seems probable that co-ordinated progress in research, 
progress characterized by a natural development from one 
group of ideas to another, instead of a flitting from interest to 
interest in a quite inconsequential manner, is conducive to 
persistent effecuveness in productive scholarship In this type 
of research, as studies advance and new facts are discovered, 
fruitful ideas accumulate and earlier ideas take on new mean- 
ings As a result, fresh opportunities for exploration are fre- 
quently disclosed The researches which my collaborators and I 
carried on in the Physiological Laboratory of the Harvard 
Medical School were of this co-ordinated, progressive character 
The studies on digestion went forward from my twenty-sixth 
year, when I first used the bismuth meal, until I was forty 
From forty to forty-six the studies on the bodily effects of emo- 
tional excitement were emphasized Investigations on wound 
shock (an intrusion due to World War I) took place between 
forty-six and fifty-one Interest in stable states m the organism 
developed between fifty-one and fifty-nine, attention was given 
to chemical mediation of nerve impulses from fifty-nine to 
sixty-eight, and after that time an effort was made to complete 
a series of observations on the effects of severance of nerves on 
sensitizing to chemical agents the isolated structural elements 
The foregoing must be taken as only a rough statement of the 
distribution of my interests, however, and not as a precise sep- 
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aration of them at the ages which are set down, there was al- 
trays considerable oveilap Incidentally investigations were un- 
dertaken as to the nature of hunger, the nature of thirst, and, 
in my seven ty-fiist year, on the phenomena of a pace-maker in 
die ihythmic pulsations of the cerebral cortex During more 
than four decades of attention to physiological investigation I 
was not conscious of any abatement of imaginative insight into 
problems to be solved or into methods by which solutions of 
diem might be attained This judgment must be taken widi a 
gram of salt, however, because advancing years may have 
marred die reliability of my testimonyl 

There may be a large discrepancy between physiological old 
age and chronological old age Some men are old at fifty-five 
and others are young at seventy-five As die decades slip by, 
however, all of us are subject to bodily changes, some obvious 
and some hidden Brown spots appear on the face and hands 
The hairs groiv long in die ears and nostrils, and the eyebrows 
become shaggy' until diey may lend a fierce look to the counte- 
nance The skin is less elastic, as is shoivn by pinching it on 
the back of the hand and noung a briefly persistent ridge in- 
stead of a prompt snap back to the proper level The "preg- 
nant hinges of die knee,” as well as other hinges in our limbs, 
are not so ‘well lubricated as diey used to be The near point 
of clear ^^slon recedes until widi unaided eyes the elderly per- 
son, holding the page at arm’s length in order to see it clearly, 
IS bothered by the indistinctness due to distance, caught be- 
tween diese troubles of too near and too far, he moves the 
page back and fordi— as Holmes put it, he has reached the 
“trombone age!” 

Besides these more or less obvious changes there are others, 
revealed by physiological investigation, that we may not recog- 
nize For example, tlitrc is a gnidually increasing limitation of 
the effectiveness of the liomeosiaiic devices which keep the bod- 
ily conditions sublc 'PIk alniUy to control body temperature 
IS so much diminished ih.il ilie old man needs more wraps dur- 
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ing the cold of winter, ahd he hovers near the fire or the radi- 
ator as he did not when younger Also he is likely to find the 
heat of a summer’s day especially uncomfortable, indeed, tlie 
death rate from heat stroke rises sharply after the sevendi 
decade of life Furthermore, the organs tvliich prevent the ap- 
pearance of acid in the blood— tlie lungs, the heart, and the 
blood vessels— perform their functions less efficiently as one 
grows older The chest becomes more rigid and thereby lessens 
the maximal intake and output of respired air, the highest 
heart rate induced by exercise gradually decreases, and the 
pumping of blood in a supreme effort is tlierefore slower with 
advancing years, and the blood vessels may become hardened 
and surrounded widi obstructive connective tissue Vigorous 
exertion, which produces acid and thus interferes with physio- 
logical efficiency, cannot be engaged in as it was in youth The 
elderly man can look with amusement on die frolicsome and 
exuberant antics of a young puppy playing around a serene 
and indolent old dog and can say to himself, “I, too, played 
like that when I ivas young, and I was good for not much else 
Now that I am old, I cannot be so energetic, but I can be use- 
ful to a degree not possible in those early years ” 

The physiological limitations of old age arise because our 
bodies are composed of a group of co-operative organs All goes 
well as long as each one performs adequately its role in die 
complex It IS when an important organ becomes impaired and 
fails to “play the game” diat a break occurs Sometimes die 
kidneys fail, sometimes the heart, or the stomach, or die lungs, 
and then the partly broken man must learn to live widiin his 
limitations, a course which requires wisdom and patience He 
may lead a helpful existence foi many years, Holmes’s formula 
for longevity was to have a chronic disease and take care of it 
Providentially, as long as die blood vessels of the brain supply 
that extraordinarily delicate and sensitive structure widi an 
abundant supply of oxygen and sugar, clarity of the mental 
processes is preserved and pleasant social relations, as ivell as 
cherished personal activities, can be continued. 
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InsdiiKtons in uliirh men arc employed for a lifetime of 
•Venice have found dilluidiy in devising a kind and considerate 
nnnmi of distiimnniing hciuecn jilijsiological and chrono- 
logical age Not nnrommonly in nnivcratics piofcssors arc ex- 
puled to ictirc at si\i>,.fi\e oi at some age between that and 
sc\ciu\ I Ins e\pcrtatu)n affects both those who are already 
scnccccnt and those t\ho aie still aleii. Obviously it is quite 
njipiopinte foi the senescent, it is often a hardship for those 
tvho are still iirh in idcis and eigci to push forwaid studies 
in winch the) In\c been engaged Deep disappointment of 
aciue nnestigaioi's at being depiivcd of the opportunity to go 
on With then studies can be asoidcd, and prcscrv'ation of tlie 
possibihi) that iheir labois ma) still be pioductivc can be as- 
sured, if a sMiipiiheiic and generous administration provides 
them wnh labnruon spice where they can satisfy their desire 
for fuither attempts at solving problems 

In Han aid Univei'sit) it is well recogni/cd that at the age 
of si\i\ si\ ,a jirofessoi mn) voluntarily retire on Jns pension, or 
the administrative bod^ mav ask him to retire or not to do so 
On 111) si\i) siNth birthday I sent a letter to the President an- 
nouncing the date and placing in his hands my resignation, to 
be accepted whenever he might wash A very gracious answer 
c\picssed the hope that I \vould cominuc in the services of the 
Medical School That proposal was followed by four more years 
of happy asson uions Then, after just fifty years in tlie Uni- 
vcrsii) as student and instructor, I withdrew I could not do 
so without acknowledging my deep obligation to my alma 
mater She had given me ever)' opportunity to learn, to be dis- 
ciplined in workmanship, to become influential as a teacher, 
and to engage, with utter freedom, in physiological research 
All tliat I had been able to accomplish I owed to the highly 
favorable circumstances which the University had provided 
I confess tliat retirement broke sharply habits established 
during many decades There was a mingled feeling of relief 
and a queer sense of inexcusable neglect when the time for 
meeting students arrived and I eyn mn^ accustomed 
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place By good fortune, after I had been “on the shelf” for 
more than a year, a call to be visiting professor at the New 
York University College of Medicme for three montlis resulted 
in my appearing vertical again before a roomful of medical 
students I was confessedly an experiment The object -was to 
test the effect of introducing an outsider into a group of teach- 
ers and students, m order to learn ivhat might result I ivas 
not a professor of any particular subject— I -was just a professor! 
Attendance at exercises in medicine, in neurology, in psychia- 
try, in public healtli, conferences with a group in therapeuucs 
and talks with young investigators in anatomy, surgery and 
physiology, lectures to classes and to professional audiences— all 
these experiences, enjoyed in a most friendly atmosphere, re- 
stored relations which had been interrupted and— ivhatever they 
may have been to others— tliey were, to me, very stimulating 
In my lectures to the medical students I restricted myself to 
accounts of the scientific studies earned on by my collaborators 
and myself during the previous forty-seven years As a result 
I relived my professional career as I first told about the simple 
primitive employment of the Rontgen rays in physiology, and 
went on to desenbe bodily effects of emotional excitement, 
the mechanisms of functional stabilization in the orgamsm, 
the chemical mediation of nerve impulses, and recent re- 
searches on wound shock and the charactenstics of rhythms in 
the cerebral cortex The reader will recognize at once that to a 
great degree that is the survey I have made m the pages of this 
book Here again I have relived my career as I have ivritten 
about It And now the story is nearly finished 

When I look back over the various stages of my life I remem- 
ber, as I feel sure many otliers have remembered, incidents 
which have revealed hoiv relative are the ages of individuals In 
my teens my teachers in the high school, most of them in their 
thirties, seemed to me elderly persons, to be respected as much 
for tlieir many years as for tlieir learning On reaching into 
the thirties myself I ivas a beginner in physiology and for the 
first time attended a meeung of the American Physiological 
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SoiiciN It wns hold m rinladtlphia, .uid to (.he delight o£ 
\oungci iiu’inht IN of the oig.iniAUinn Di S "Wier Mitchell, one 
of the (otindris— T nudicil nncstigatoi , an eminent neurologist, 
n mnch«>t and a pint— uas prt-ieni to talk to us lie .appeared 
to me to hi «>o old .is to Iii ahnnsi ancient And now I find th.at, 
at (he tune he \\ is not ijuite lu) picsent agel Although I still 
seem to nnsilf no oldci than I felt a decade ago I recognize that 
till elnngis of seiustenie ha\e begun to a|)peai and will prob- 
ahh mcicase until the end In I)i MiteheH’s words 

1 knou the im;ht is near at hand 
I 111 inisf. he low on hill and ba), 

1 lit iiinnnn slu i\ts aie dewlcss, dry, 
lUu 1 h.ue li id (he dav 
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